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BOLD 
NEW DESIGN 
for a Fine Old Tradition 


The Spirit of Southern Hospitality Finds Dramatic 
Expression in These Modern New College Campus Buildings 


@ Memorial Student Union strikes a note of 
pleasing contrast amidst academic surround- 
ings and architecture of by-gone days. 


Set beside a small pond, overhung with 
magnolia and Spanish moss, the impressive 
structures dominate the social life of the 
students on the campus of Southwestern 
Louisiana Institute, in Lafayette, Louisiana. 


Three interconnected buildings comprise the 
student union, housing the college bookstore, 
post-office, snack bar, ballroom and other 
recreational facilities. 


Significantly, the structures are built with 
reinforced concrete to meet today’s needs 
and the challenge posed by the generations of 
tomorrow. 

Concrete combines great strength, economy, 
fire-safety and beauty in one versatile ma- 
terial, providing the widest possible latitude 
for the designer's creative skill backed up by 
sound construction know-how. 

In these fine structures, there were 4000 
barrels of Lone Star Portland Cement used 
For complete dependability and assured uni- 
form quality, use Lone Star Portland Cement. 


LONE STAR CEMENT CORPORATION 


Offices: ABILENE, TEX. - ALBANY, NY 
KANSAS CITY, MO. - LAKE CHARLES, LA 


+ BETHLEHEM, PA. - BIRMINGHAM -. BOSTON - CHICAGO - DALLAS - HOUSTON - INDIANAPOLIS 
+ NEW ORLEANS - NEW YORK - 


NORFOLK - RICHMOND - SEATTLE - WASHINGTON, D.C. 


LONE STAR CEMENT. WITH ITS SUBSIDIARIES, IS ONE OF THE WORLD'S LARGEST 
CEMENT PRODUCERS, 2! MODERN MILLS, 48,900,000 BARRELS ANNUAL CAPACITY 

















oe JOURNAL 


omens OF THE 
Van 29 AMERICAN 
PROCEEDINGS VOL. 54 

CONCRETE 


INSTITUTE 


Published by the American Concrete Institute under the 
authority of its Board of Direction 


President 
DOUGLAS McHENRY 


Cost per ve $1.50. Extra Vice-Presidents 
copies to ACI members $1.00. PHIL M FERGUSON JOE W. KELLY 


Papers, committee reports, and other 
contributions to the Proceedings pages Directors 
of this penal, as submitted in naraiee. 
ance of Institute objectives, are, | Vv : 

published, accepted on the sole re- ARSHAM AMIRIKIAN BRYANT MATHER 
sponsibility of their authors. Institute 


authority attaches only to standards WILLIAM H. ARMSTRONG RAYMOND C. REESE 
adopted as provided in the Bylaws. 

S. J. CHAMBERLIN LEWIS H. TUTHILL 
Advertising. See statement under CLAYTON L. DAVIS C. D. WAILES, JR. 


Alphabetical List of Advertisers,” 


final page News Letter section. BRUCE E. FOSTER STANTON WALKER 
Membership dues and Journal sub- ROBERT C. JOHNSON CEDRIC WILLSON 


scription rates. Members receive the 
youre as one of the considerations 
° dues payment. Membership P 
grades are: Individual (U. S., its Past Presidents 
possessions, and North and Central : 
America), $15, Individual (all other CHARLES S. WHITNEY 
ee oo ee 77 Corporation, FR E 
50, Contributing, 100, Junior, ANK KEREKE‘ WV 

$7.50, Student, $5. Subscription ? VALTER H. PRICE 
price is $18 per year, payable in 
advance. The Journal is issued 
monthly, July to June (the volume 
year being completed by title page, 
contents, indexes, and closing dis- 
cussion in Part 2 of the subsequent 
September and December issues). 


reer ar 1 v4 33 of aOR. oe Tech ID 
NGS of the AMERICAN CON etary-!reasurer echni i 

CRETE INSTITUTE (190 5 to 1957) are . chanical Uiwector 
for sale as far as available at prices r A - 
to be had on inquiry of the Secretary WILLIAM A. MAPLES PAUL F, RICE 
Treasurer. Special prices apply for 
members ordering bound volumes in 
addition to the monthly Journal. 


Managing Editor Advertising Manager 


Address; American Concrete Insti- ROBERT E. WILDE CHAR 

tute, P.O. Box 4754, Redford Station, LES L. COUSINS 
Detroit 19, Mich. Copyright, 1958, 
American ‘eee oy t- 
in U. S. A. Entered in the Post Office . . ; 

on Detroit, Mich., as mail of the sec Manager, Publication Sales Membership Secretary 
ond class under provisions of the Act 


of Mar. 3, 1879. ISABELLE DAVIS EVELYN SCHLITZ 








the ACI JOURNAL 


is edited by the Secretary of 
the Technical Activities Com- 
mittee under the direction of 


Coming next month 
in the JOURNAL 


the Committee 


WALTER J. McCOY 
Chairman 


DOUGLAS McHENRY 


(ex officio) 


WILLIAM A. MAPLES 
Secretary 


G. E. BURNETT 


E. A. FINNEY 


CLYDE E. KESLER 


BRYANT MATHER 


MICHAEL V. PREGNOFF 


L. H. TUTHILL 


WILLIAM A. MAPLES 
Editor 


ROBERT E. WILDE 
Managing Editor 


MARY K. HURD 
Associate Editor 


MARIAN PATTEN 
Editorial Assistant 


RUTH GABLE 
Editorial Secretary 





JOURNAL line-up for June includes the following 


technical papers: 


“Long-Time Study of Cement Performance 
Chapter 11 
Three ‘Test 


Years of Service,” by F. H. Jackson 


in Concrete. Report on the Con- 


dition of Pavements After 15 


Shear of 
Beams with Tensile Reinforcement,” by T. S. 
CHANG and CrtypE E. KesLer 


“Static and Fatigue Strength in 


“Design and Control of Lightweight Aggre- 
gate Concrete for the World Trade Center in 
the Ferry Building, San Francisco,” by Paut 
J. Fiuuss 


“The Effect of Temperature on 
Strength,” by PauL KiLieGEerR 


Concrete 


Concrete Slab 


by A. GALLIA 


“Precast Reinforced Bridges 


with Stiffened Edges,” 


“Design of Concrete Mixtures Using Chicago 
Fly Ash as One of the Ingredients,” by C. E 
LOVEWELL and GeorGe W. WasHa 
“Military Personnel Records Center, St. Louis, 
Mo.,”” by Eart B. Coun and W. A. WALL 
“Creep and Creep-Recovery of Concrete Un- 
High Compressive Stress,” by A. M. 
FREUDENTHAL and F, 


der 
LOLL 

. 

Discussion of papers published in the October, 
November, and December, 1957, issues will appear 
in the June JoURNAL, in accordance with the In- 
stitute’s quarterly publication schedule for Pro- 
ceedings discussion. 


Manuscripts of papers, discussions, and reports 


should be sent in triplicate to: 


Secretary, Technical Activities Committee 


AMERICAN CONCRETE INSTITUTE 


P. O. BOX 4754, REDFORD STATION, DETROIT 19, MICHIGAN 





Title No. 54-51 


Tentative Recommendations for Thin-Section 
Reinforced Precast Concrete Construction’ 


Reported by ACI Committee 324 


ARSHAM AMIRIKIAN 


Chairman 


ARTHUR R. ANDERSON DANIEL P. JENNY 
BOYD G. ANDERSON FOLMER JORGENSEN 
KARL P. BILLNER EZRA G. ODLEY 

LOUIS P. CORBETTA CHARLES D. WAILES, JR 
GEORGE’P. DUECY H. J. WOLBEER 


SYNOPSIS 


Intended as a supplement to ACI 318-56, this report highlights design and 
construction practices peculiar to thin-section reinforced concrete elements 
High-early-strength concrete or accelerated curing is advised. Special grading 
limits for coarse aggregate are suggested, and specifications for steel and ad- 
mixtures are noted. Concrete of 3750 psi strength is recommended for protected 
locations not in contact with the ground; 5000-psi concrete is recommended for 
other locations. Limits for air content, W/C ratio, and cement content are 
proposed. Report suggests allowable design stresses, and emphasizes accurate 
placing of and sufficient cover for reinforcement. 

Fabrication is covered in provisions on mixing, molds, casting, curing, surface 
treatment, and tolerances of individual elements. Supervision and inspection 
during fabrication are stressed, with some suggested standards of acceptance 
Method and sequence of erection are also treated, including connection devices, 
assembly tolerances, and waterproofing of joints 


INTRODUCTION 


During the past decade, there has been a gradual increase in the use of thin- 
section reinforced precast concrete elements in the building industry. In some 
structures these elements have been utilized as local framing members, such as 
floor, roof, and wall panels; in others, they have been adapted to provide 
complete structural framings. 

As may be inferred from the designation, thin-section precast elements are 
characterized by their unusually slender proportions. They differ from con- 
ventionally cast members not only in sectional thicknesses, but also in pro- 
tective cover and spacing of reinforcing bars. Because of these differentiations, 
~ *Title No. 54-51 is a part of copyrighted JourNaAL or THE AMERICAN ConcRETE INsTITUTE, V. 29, No. 11, May 
1958, Proceedings V.54. Separate prints are available at 50 cents each. Discussion (copies in triplicate) should reach 


the Institute not later than Aug. 1, 1958. Address P. O. Box 4754, Redford Station, Detroit 19, Mich. 
This report in form and substance as here submitted was approved unanimously by the committee as listed 


above. 
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and in the absence of an applicable code, difficulties have been experienced in 
some localities with their use. 

Thin-section precasting is performed by rigidly controlled operations com- 
parable to planned factory production. The quality control thus obtained 
makes it possible to utilize reinforced concrete in this most advantageous form. 
This report is intended to serve as a guide for the engineer and the fabricator, 
as well as an aid to facilitate the acceptance of this method of construction. 


SCOPE 


This report covers the use of thin-section precast concrete elements which 
combine to form a complete structure or a part thereof, and may be used as a 
supplement to “Building Code Requirements for Reinforced Concrete (ACI 
318-56).” Thin-section elements are those which have a thin skin or slab 
which may be stiffened by a system of ribs, as distinguished from conventional 
precast construction where thicker slabs and solid-section elements are used. 

Precast elements may be formed by casting concrete in wood, metal, con- 
crete, or other suitable rigid forms, or by the pneumatic application of concrete 
on specially prepared surfaces. 

The design of precast concrete elements should be in accordance with ac- 
cepted reinforced concrete theory and should conform to ACI 318-56, except 
as indicated herein. Thrusts, moments, and shears at various sections of 
structural assemblies should be computed by the application of the elastic 
theory using the moments of inertia of the gross concrete sections of the 
reinforced elements. 


MATERIALS 
Cement 
Portland cement should conform to ‘Standard Specifications for Portland 
Cement” (ASTM C150) or “Standard Specifications for Air-Entraining 
Portland Cement” (ASTM C175). High-early-strength concrete as produced 
with Type III or IIIA portland cement or with Type I portland cement and 
accelerated curing is recommended. 


Aggregate 

Concrete aggregates should conform to “Standard Specifications for Concrete 
Aggregate” (ASTM C33), except for the gradation of coarse aggregates 
which should conform to Table 1. 


__ TABLE 1—GRADATION OF COARSE AGGREGATES 


Percent passing standard laboratory sieve, by dry weight 


| No.4 | No.8 | No. 16 | No. 30 | No. 50 | No. 100 


| 
70-90 | 45-75 
0-10 0 
0-5 
0 
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Lightweight aggregates conforming to ASTM C 330 may be used provided 
they meet the requirements for strength, permeability, and shrinkage. 
Maximum size ef aggregate for a precast element should be no larger than 
one-third of the narrowest dimension between the sides of the forms of the 
member in which the element is cast; nor larger than: 
(a) Two-thirds of the minimum clear space between parallel 
reinforcing bars, or 
(b) Two-thirds of the minimum clear space between reinforcing 
bars or web reinforcement and the faces of the form. 
Steel 
Reinforcing steel should be intermediate-grade billet-steel concrete re- 
inforceement bars (ASTM A115) or rail steel concrete reinforcement bars 
(ASTM A 16) or cold drawn steel wire for concrete reinforcement (ASTM A 82). 
Deformations on reinforcing bars in precast elements should conform to 
“Standard Specifications for Minimum Requirements for the Deformation 
of Deformed Steel Bars for Concrete Reinforcement” (ASTM A 305). In 
wide, thin elements having faces 3 in. or less in thickness the use of wire mesh 
reinforcing, preferably of 2-in. spacing, is recommended. Wire mesh should 
conform to ASTM A 185, except that galvanized fabric is acceptable. 
Admixtures 
Air-entraining agents should be materials accepted for use in concrete under 
the provisions of “Tentative Specifications for Air-Entraining Admixtures for 
Concrete” (ASTM C 260). When used, calcium chloride should meet the 
requirements of “Standard Specifications for Calcium Chloride” (ASTM D 98) 
and should be limited to not more than 2 percent by weight of the cement. 
Calcium chloride should be dissolved in a portion of the mixing water before 
batching. The use of other admixtures will be limited to those which do not 
alter the intent of any section of these requirements, and their use should be 
in accordance with pertinent information in ‘‘Admixtures for Concrete” 
reported by ACI Committee 212, ACI Journat, Oct. 1954, Proc. V. 51, 
pp. 113-148. 
Quality of concrete 
Concrete for precast elements to be used in locations protected from the 
weather or moisture and not to be in contact with the ground should have 
compressive strength of not less than 3750 psi at 28 days. For elements at 
other locations, the compressive strength should be not less than 5000 psi 
at 28 days. 
Where air-entrained concrete is specified, the amount of entrained air should 
be as follows: 
Maximum size of aggregate Percent of entrained air 
34 in. Be 1k 
V6 in. +1 
3 in. +1 
st 


V4 in. 1% 
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TABLE 2—WATER-CEMENT RATIO AND MINIMUM CEMENT IN CONCRETE 





Normal concrete Air-entrained concrete 
Class of — 4 


concrete 2 d } el Fine 
(28-day Maximum Maximum Minimum aggregate Maximum Minimum 


Fine 
aggregate 


psi, of aggregate gal. per sacks percent of gal. per sacks 
6x12-in. in. sack per total aggre- sack | per 

cylinders) cement cu yd gate by cement | cu yd 
weight 


percent of 

total aggre- 
gate by 
weight 


strength, size water, cement, range, water, | cement, range, 
j 
| 
| 


3750 
3750 
3750 
3750 
5000 
5000 
5000 
5000 


46-54 
43-51 
40-48 


42-50 
39-47 
36-44 


Crore 


40-48 
38-46 
36-44 


PW PRae | 


orcas | 


e000 08 8 
ee ee de ee Or Or Or Or 


The two classes of concrete (3750 psi and 5000 psi) should conform to the 
requirements for maximum water-cement ratio and minimum cement content 
as given in Table 2. 

The specified strength of the concrete in compression, as well as needed 
flexural strength for handling should be verified by test. Compressive strength 
tests should be made in accordance with “Standard Method of Making and 
Curing Compression and Flexure Test Specimens in the Field’’ (ASTM C 31) 
and “Standard Method of Test for Compressive Strength of Molded Concrete 
Cylinders” (ASTM C 39). Flexure strength tests should be made in accord- 
ance with “Standard Method of Test for Flexure Strength of Concrete” 
(ASTM C78). Test results should be evaluated in accordance with ACI 
214-57. -In general, three samples should be taken for each normal day’s 
casting. 


ALLOWABLE UNIT STRESSES IN CONCRETE AND REINFORCEMENT 


The allowable design stresses in the concrete should conform to the require- 
ments set forth in ACI 318-56. 

The tensile stresses in the concrete during handling, computed on the basis 
of an uncracked section, should be less than 75 percent of the modulus of 
rupture of the plain concrete at that time. Modulus of rupture of concrete 
at various ages should be determined by standard test procedures as outlined 
above under ‘‘quality of concrete,” and related to the compressive strengths at 
the corresponding ages. 

The allowable tensile stresses in the steel should be 60 percent of the minimum 
yield value, except that under temporary loading conditions during erection 
the unit tensile stress may be increased to 80 percent of the minimum yield 
strength. Allowable compressive stresses in the steel should conform to the 
requirements of ACI 318-56. 


REINFORCEMENT 
Placing 


Reinforcing bars or mesh should be accurately placed and adequately 
secured in position by concrete or metal chairs and spacers or other approved 
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methods. Where the reinforcement comprises wire mesh and reinforcing bars, 
preassembly of such reinforcement into cages by a template or jig before 
placing in the forms is recommended. 

The minimum clear distance between parallel bars should be not less than 
114 times the maximum size of the coarse aggregate. 


Protective cover 

For surfaces exposed to weather, ground, or in contact with water: Main 
reinforcing in beams, girders, and columns should be protected with concrete 
not less than 1 in. thick. Reinforcing in slabs and secondary reinforcing 
in beams, girders, and columns should be protected with concrete not less 
than 3¢ in. thick. 

For surfaces not exposed to weather: Main reinforcing in beams, girders, 
and columns should be protected with concrete not less than %% in. thick. 
Reinforcing in slabs and secondary reinforcing in beams, girders, and columns 
should be protected with concrete not less than 4 in. thick. 

FABRICATION 
Mixing 

Concrete should have the workability necessary so that placing and con- 

solidating in the forms or molds can be readily accomplished without causing 


segregation, honeycomb, or rock pockets. 


Molds 


Molds should conform to the shape, lines, and dimensions of the precast 
elements as called for on the plans. Molds should be of concrete, steel, wood, 
plastics, or other suitable materials. They should be sufficiently tight to 
prevent the leakage of mortar, and constructed so that after the placing of 
concrete the tolerances indicated hereafter are maintained. 


Casting 

Insofar as it is practicable, the casting procedure should be such that thin 
sections are cast in the horizontal position with open-top forms to facilitate 
placing and compacting the concrete. The finished castings should be free 
of honeycomb or rock pockets. Vibration of rib sections is recommended. 

Adequate equipment should be provided for heating the concrete materials 
and protecting the precast elements during freezing or near-freezing weather, 
in accordance with ‘‘Recommended Practice for Winter Concreting (ACI 
604-56).” 

Rib panels to be used in roof and floor framing should be cast with an 
adequate camber to obviate sagging deflections under service loading. 
Curing 

Concrete should be kept moist during the curing period. Precast elements 
made with Type I or IA portland cement should be maintained above 70 F 
for at least 3 days. Elements made with Type III or IIIA portland cement 
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should be maintained above 70 F for at least 2 days. For each increment of 
5 deg below 70 F in the average curing temperature, these periods should 
be increased by one-half day for elements made of Type I or IA portland 
cement and by one-fourth day for units made of Type III or IIIA portland 
cement. The average curing temperature should in no case be less than 50 F. 

When high-pressure steam, steam vapor, vacuum, or other accepted proc- 
esses are used to accelerate curing, they should produce strength and durability 
properties at least equivalent to those obtained by the methods indicated in 
the preceding paragraph. 


Surface treatment 

When scoring and/or rough finishes are used for architectural treatment, 
the effective cover over the reinforcement should be not less than the minimum 
indicated on p. 925. 

No aggregates or pigments for coloring purposes should be added to the 
concrete mix which may produce harmful chemical or physical effects to the 
properties of the concrete. 

Where a smooth finish is required, pneumatically applied mortar may be 
used as a surface treatment. 


Tolerances of individual elements 


Precast concrete elements should be true to size and dimensions shown on 


the plans within the following limits at the time they are placed in the structure: 


Over-all dimensions of members 
+ l¢ in. per 10 ft, but not toexceed + in. or — 4 in. 


Cross-sectional dimensions 
Sections less than 3 in. + ly in. 
Sections over 3 in. and less than 18 in. + 1f in. 
Sections over 18 in. + If in. 


Deviation from straight line in long sections 


Not more than 4 in. per 20 ft 


Supervision and inspection 
Supervision shall conform to the requirements of Section 204 of ACI 318-56. 
Unless otherwise stated in job specifications, the following should govern the 
acceptability of castings which have developed cracks during construction: 
1. Where appearance is not an important consideration, precast concrete framing 
members containing hair cracks may be accepted. (A hair crack is defined as a surface 
crack of minute width, visible but not measurable by ordinary means. ) 
2. Where appearance is not an important consideration, and reinforcement is given 
a protective coating such as cement slurry before being placed in the molds, precast 
concrete framing members containing cleavage cracks may be accepted. (A cleavage 
crack is defined as a through crack not over 0.01 in. wide, but which in the judgment of 
the inspector penetrates at least to the reinforcing steel.) 
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Proper inspection should be maintained to assure the following: 


1. That preassemblies of reinforcing steel are not forced into the molds or forms because 
of dimensional errors in fabrication. 
2 That allowable clearances and tolerances are closely followed 

3. That the position of inserts, notches, bolt holes, and connection devices in the 
elements during casting operations are accurately controlled 

1. That where drilling is required, as described in ‘connection devices” below, no 


serious spalling or cracking as defined in the previous paragraph (p. 926) results 


Where strength tests are required for separate elements or assemblies, 
the test set-up should simulate the stress conditions anticipated in the actual 
structure. For test purposes the element or assembly should be subjected 
to the total design dead load plus twice the design live load. If the tested 
element or assembly does not show any visible signs of distress in the form 
of deflection, cleavage cracks, or joint separations, it should be considered 
to have passed the test. 


ERECTION 

Methods and sequence 

Precast concrete elements should be kept in their casting position until 
the requirements of strength recommended on p. 924 have been satisfied. 
To minimize strains during lifting of castings from the molds, the use of 
vacuum-suction lifting devices is reeommended. 

All elements should be handled and placed as indicated on the plans or 
as proposed by the contractor and approved by the engineer. 

During erection, temporary loads in excess of the design load may be 
permitted, provided the resultant stresses do not exceed those recommended 
on p. 924. 


Connection devices 

Welding of reinforcing steel, metal inserts, and connections should be in 
accordance with the recommended practice of the American Welding Society. 
Care should be taken during welding of inserts and splices to minimize the 
effect of welding heat and the acceptability of any resulting cracking should 
be governed by the requirements on p. 926. 

Drilling into or through concrete sections, by mechanical devices, for the 
purposes of rectifying casting errors, or to accommodate any type of connection 


devices or hangers, should not be allowed in sections of less than 1% in. 
thickness. 


Where grout or concrete is used to embed connection devices between 
elements or to fill allowable casting tolerances, the requirements of Section 
406(a) of ACI 318-56 should be followed. 


Assembly tolerances 
All load bearing surfaces at columns and wall panels should be given a layer 
of cement grout to assure an even bearing over the entire contact surface. 
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Correction of minor misiits and/or any casting errors which prevent the 
proper assembly and fitting of elements should be reported to the engineer 
so that he may either correct the error or approve the method of correction 
to be used. Elements should not be forced or distorted to fit into position 
or alignment. 


Weatherproofing of joints 


Joints between elements may be filled with a mastic joint filler or caulking 
compound. Compounds meeting the requirements of federal specification 
TT-C-598 have been used. However, better results have been obtained with 
some of the polysulfide synthetic rubber caulking compounds of the type 
used by the aircraft industry to seal fuel tanks and aircraft cabins. 


Discussion of this report should reach ACI headquarters in triplicate 
by Aug. 1, 1958, for publication in the Part 2, December 1958 JourNat. 





Title No. 54-52 


High Strength Steel and Concrete 
Result in Minimum 
Column Sizes* 


By FRANK W. CHAPPELLT 


SYNOPSIS 


Architectural design of 265 ft high building imposed severe structural restric- 
tions which were met by using a lightweight structural concrete frame, concrete 
strengths as high as 6000 psi, and alloy steel bars with yield point of 82,365 
psi in columns of lower stories. The saving in dead load combined with un- 
usually high strengths of concrete and steel permitted the architect’s clear- 
ances to be maintained. Unusual structural design features are described as 
well as precast concrete grills which break up the direct rays of the sun against 
considerable areas of windows and walls. 


GENERAL DESCRIPTION OF BUILDING 


The 102-unit apartment house is 24 stories high, completely air-conditioned, 
and provided with an adjoining garage having an ultimate capacity of 270 
automobiles. Exterior terraces for all apartments, an:i outdoor swimming pool 
with cabanas are included in the plan. Total estimated cost is $5,000,000. 
Color contrast in the building fagade was achieved by varying the aggregates 
used in the structural concrete and in the precast grills which face the building. 
(Another photograph of the nearly-finished building appears on this month’s 
News Letter cover.) 

Fig. 1 shows a simplified framing plan for a typical floor. The central main 
core is 77 ft 4 in. x 101 ft 4 in., with wings projecting from each of the four 
corners. The floor plan was so worked out that all of the five apartments on 
each of 20 floors open on a central service shaft containing elevator, stair, and 
incinerator enclosures. To add to the problems of structural design, each 
apartment is provided with an exterior terrace or porch. Inverted spandrel 
beams were not continued across the terraces and lateral bracing was made 
difficult. Therefore, the central enclosure walls around elevators, stair halls, 

*Received by the Institute July 22, 1957. Based on a paper presented at the ACI 53rd annual convention, 
Dallas, Tex., Feb. 27, 1957. Title No. 54-52 is a part of copyrighted JourNAL or THE AMERICAN CONCRETE IN- 
stitute V. 29, No. 11, May 1958, Proceedings V. 54. Separate prints are available at 50 cents each. Discussion 
(copies in triplicate) should reach the Institute not later than Aug. 1, 1958. Address P. O. Box 4754, Redford Station 


Detroit 19, Mich. | : 
+tMember American Concrete Institute, Consulting Engineer, Dallas, Tex. 
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Fig. 1—Typical floor framing plan 


and incinerator were made of concrete having the same strength as that for 
columns in any floor, and anchored into a heavy block of concrete sunk into 
the rock foundation. 


The column spacing module for the building is 12 ft. Exterior columns are 
typically 16 x 32 in. in section and project 24 in. outside the faces of spandre| 
beams. Except at terraces, the 8 in. thick spandrel beams are inverted 28 in. 
above the floor line, and each has a 16-in. top flange, which serves as a window 
sill, and projects 8 in. beyond the face of the spandrel beam. Since the floor 
framing system is uniformly 16.5 in. thick the total depth of the spandrel section 
is 44.5 in. and is shaped like an irregular Z. A typical spandrel beam section 


may be seen in Fig. 2. 


The floor system is simple, consisting of joists, floor beams, and wind beams, 
all having a uniform depth of 16.5 in. Steel “pans” 14 in. deep were used 
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throughout, with 2.5 in. cover slab. 
Joists and east-west wind beams are 
parallel. Beams which support floor 
joists extend in a north-south direc- 
tion. Most of the beams and joists 
span 24 ft on center lines, though there 
are some variations. Fitting the nu- 
merous openings required by the 
mechanical plans proved complicated. 
Every commercial width of steel form 
was used in casting the 115 different 
types of joist required for typical floor. 
Normally joists are 4 in. wide at 
the bottom and their sides batter 1 in 
12, making the top width 644 in. Only 
one straight bar was placed in the 
bottom of a 4-in. joist. In the top 
one #4 bar was run continuously to 
act as mesh support and additional 
straight top steel placed as required 
by bending moment. Beams received 
essentially similar treatment in that 
all have continuous top steel, the 
areas being varied to meet anticipated 
stresses. There are no bends, other 
Fig. 2—Typical wall section showing Z- 


than hooks, in any beam or joist bars. 
shape of spandrel beam 


Fig. 3 shows typical floor framing 


details, looking upward at the junction of a column with beams and joists. 


COLUMN DESIGN 


kixterior columns, typically 16 x 32 in., posed a problem for the designers. 
Some columns were of necessity designed to take bending stresses due to wind 
loading, as well as direct stresses, and would have required as many as 21 #11 
bars of hard grade carbon steel, using a nominal allowable stress of 20,000 psi. 
Had spirals been used, three sets would have been required, making a heavy and 
complicated assembly, with vertical steel not advantageously arranged to 
resist bending. The shape of the columns and their projection from the floor 
system made the use of structural steel difficult and perhaps impractical. Also, 
at the time the design was made, delivery promises on steel shapes were far in 
the future. Add the desire of the owners for a concrete exterior, and it was 
decided to use tied steel in columns. But to have tied 21 bars in a 16x 32-in. 


column in accordance with the ACI Building Code would not have left spaces 


large enough to permit the use of a vibrator. This was the problem. 
An attempt was made to procure #18 bars of high carbon steel having a yield 
point not lower than 50,000 psi. This size, with a cross sectional area of 
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TABLE 1—PROPERTIES OF ALLOY STEEL 
‘hemical analysis, percent 
Average Physical properties 
Carbon..... , ... -0.28-0.33 (Average of six heats) 
Manganese. . 0.80-1.00 Yield point........ 82,365 psi 
0.35 maximum Ultimate strength. . 101,436 psi 
. .0.40-0.60 Elongation in 8 in.. 11.36 percent 


Molybdenum . 0.20-0.30 
Chromium ‘ 0.40-0.60 


4.0 sq in., is not stocked by Dallas fabricators. The mill would not roll the bar 
without an order large enough to take the output of a set of rolls for a full day’s 
run. This project could not economically use such a quantity and the use of 
#18 bars was abandoned. 

A limited quantity of #11 bars of alloy steel sufficient to reinforce all 
columns to the sixth floor was finally secured. This actually means seven 
stories of columns, since the building has a basement and a mezzanine floor. 
The steel is classified by the mill as SAE 9400-modified. Its physical and chemi- 
cal properties are shown in Table 1. 

Columns that would require 21 #11 bars of hard grade steel needed only 14 
of alloy steel, since the nominal unit stress is increased from 20,000 to 30,000 psi. 
This made for easy erection of steel and placement of concrete. Working plans 


Fig. 3—Details of typical floor joists and beams 





HIGH STRENGTH STEEL AND CONCRETE IN COLUMNS 


detailed the arrangement of bars and 
ties in all columns. Fig. 4 shows how 
maximum reinforcement of 14 #11 
alloy steel bars was disposed in a 
16 x 32-in. column. 

Full advantage of the high yield 
point could not be used, since the 
maximum nominal stress is limited 
by the ACI Building Code to 30,000 
psi. But even with this restriction, the use of alloy steel represented a sav- 
ing over the lower priced carbon bars as shown in Table 2. 


Fig. 4—Column reinforcement details 


The rolling mill limited the size of this order to 115 tons because of prior 
commitments. In order to determine the total amount of the saving possible 
from the use of high yield point column reinforcement it is necessary to assume 
that sufficient #11 bars of 50,000 psi yield point steel could have been placed 
in all columns. If this could have been done an additional 57.5 tons would 
have been required ai a cost of $5083. Add to this the cost of placing 57.5 
tons at $42.50 per ton; the total saving would have been $7527 on 115 tons of 
alloy steel, or $65.45 per ton. 


Welded sleeve splices 


Even with high yield point steel some of the 16x 32-in. columns did re- 
quire 14 #11 bars. The difficulty of lapping and tying so many bars in so 
narrow a column led to an investigation of welded sleeve splices. Two samples 
were prepared and tested. Fig. 5 shows the assembly of the test specimen 
and the results of tension tests. The sleeve is of cold drawn tubing with walls 
0.25 in. thick. Sectional areas of bars and tubing are practically equal. Con- 
tinuous fillet welds were made with a 5/32-in. electrode, Classification 100-16. 
All samples failed in the welds. A third sample was tested later as a check and 
it likewise failed at a total tension of 85,000 lb. All far exceeded in strength any 
requirement of this project. 


Area of the weldment is approximately 1.35 sq in. and the unit stress in the 
weld metal 63,000 psi at failure. Since this is less than the 75,000 psi on which 


> 


the design was based, the ‘splice apparently violates Section 1103 (c) 3 of 


TABLE 2—COST COMPARISON OF ALLOY AND CARBON STEELS 


Cost 
Working stress, Cost per kip of load 
Reinforcement psi per cwt capacity per ewt 


Carbon bars 20,000 $ 8.40 $0. 420 
Alloy bars 30,000 10.39 0.346 
Saving credited to alloy bars $ 0.074 
Saving expressed as percentage of cost of carbon bars 17.6 percent 
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NO.ii| ALLOY STEEL BAR 


be CONT. WELD 


SAWN ENDS 


COLD DRAWN STEEL TUBING 


FAILURE 3 SPECIMENS 
AV. 85,200 LBS 





Fig. 5—Welded splice, alloy steel bars 








Fig. 6—Construction view of reinforcing 
bars 


May 1958 


ACI 318-56 which defines an approved 
welded splice. It must be kept in 
mind, however, that the weld is not 
required to transmit any direct col- 
umn load, but only any possible up- 
lift caused by wind and negative 

Direct downward 
loads are transmitted by full section 
bearing. 


bending stresses. 


Square bar ends 
Alloy steel bars were furnished cut 
Welded 


connections were used in wind bent 


to exact length by sawing. 


columns but in all others simple pipe 


sleeves served to center each bar 


over the bar below, saving the cost 
of the cold drawn tubing and two 
welds. Fig. 6 shows some of the bars 
during construction. An analysis of 
costs shows that welded splices saved 
12 cents each over lapped splices and, 
of course, made concrete placement 
easier. Where welding was not re- 
quired, the simple butt bearing was 
much cheaper than lapped slices. 

The length of a lapped splice of a 
#11 bar of alloy steel would have 
been 3.53 ft and its weight 18.75 lb. 
Two-story bar lengths 

The number of splices in alloy steel 
bars was halved by the use of bars in 
Starting off the 
footings, one-half of the bars in each 
column were extended to 3 in. above 
the first floor. The half ex- 
tended to 3 in. above the mezzanine 
floor. 


two-story lengths. 


other 


Thereafter, two-story lengths 
were furnished to the sixth floor. 
Two-story bar lengths proved quite 
practical for this size bar. Perhaps 
they would not stand erect in smaller 
sizes. But they saved the cost of 
many splices and provided full con- 
tinuity for half of the bars. No diffi- 
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TABLE 3—PROPORTIONS, WEIGHTS, AND QUANTITIES OF LIGHTWEIGHT 
CONCRETE, APARTMENT BUILDING ONLY 


Proportions 
Lightweight 
aggregate, lb Sand Quantity Total 
. . - weight, 
Strength at Cement kips 
12 days, psi Ib Fine Coarse Percent* su yd cu ft 


3750 541 533 694 545 2 9,397 253,719 23,875 
5000 506 

628 16.956 ( < 1,650 
6000 498 43 508 606 16,362 5 1,628 


10,631 287,037 27,153 


For hard rock concrete 287 ,037 2,769 


Saving in concrete dead load due to the use of lightweight concrete, kips 15,616 


*Percentage by weight of sand in total weight of air-dry concrete. Sand is also 30.7 percent of dry weights of 
the sum of all aggregates. 


culties were encountered in placing the steel and the cost of erection was no 
greater than for conventional lengths. The use of column steel of high yield 
point, having square cut ends and with splices staggered was proposed in a 
paper published in the ACI JourNAt in April, 1941.* 


LIGHTWEIGHT CONCRETE 


Quantities and weights of lightweight concrete are given in Table 3. Even 
with the use of high yield point steel, limitations on column sizes demanded un- 
usually high strength for lightweight concrete in the lower stories. All concrete 


was proportioned and controlled by the Southwestern Laboratories which kept 
an inspector on the job during all concreting. Cylinders were made from every 
delivery by the ready-mixed concrete trucks. All concrete attained the specified 
compressive strength. 

The saving of nearly 8000 tons of dead load by the use of expanded shale 
rather than crushed rock as an aggregate was one of the factors which allowed 


the extraordinary design of the building to be expressed in concrete. 

Further savings in weight could have been made by using no sand. (Table 3 
presents the proportions of the three strengths of concrete.) However, the 
architect needed the sand to attain the color he desired and the concrete as 
proportioned and produced was light enough to serve the purpose. Basement 
walls and floors, footings, and columns built into basement walls were made of 
hard rock concrete having a compressive strength of 3750 psi. 

Concrete strength 

All columns below the third floor (not including those cast with basement 
walls) were made of lightweight concrete having a compressive strength of 
6000 psi at 42 days. Columns between third and sixth floors required 5000-psi 
concrete. Columns above the sixth floor were made of 3750-psi concrete, as 
was the entire floor system for all floors. Forty-two days were allowed for the 


*Germundsson, Thor, “Columns with High Yield Point Reinforcement Designed under the ACI Code," ACI 
Journat, Apr. 1941, Proc. V. 37, pp. 569-576. 
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Fig. 7—Time-strength curve for concrete test cylinders 


attainment of the design strength. Previous experience with concrete made 
of expanded shale aggregates has shown that the cylinders continue to gain 
strength after 42 days, in the laboratory. Some doubt exists as to whether 
a similar long time increase would be found if cylinders were cured under job 
conditions, and the limit of testing was placed at 42 days. In Fig. 7 the time- 


strength graphs of cylinder tests are shown. 


PRECAST CONCRETE GRILLS 


Factory produced concrete grills were designed for function as well as 
architectural wall treatment. They shade a considerable percentage of window 
and wall areas (Fig. 8) from the direct rays of the sun, thus reducing heat 
transfer, an important consideration for an air-conditioned building in a climate 
where summers are likely to be long and hot. 


Exterior faces are in relief, since there are two surface planes. This was 
accomplished .by making some members 6 in. deep and others 4 in., the back 
side being in a single plane. The grills weigh from 15 to 19 lb per sq ft and 
from 1000 to 2000 lb per grill. A total of 865 grill sections was required. 


All steel reinforcement and hangers were galvanized. Concrete for the grills 
was made of expanded shale aggregate with 5.75 bags of cement per cu yd and 
was furnished by a ready-mixed concrete plant. The concrete is a very light 
gray—almost white, a different color from the structural concrete. The latter 
is mixed with an expanded shale aggregate processed at Dallas, which contains 
iron oxides and produces concrete of a pinkish shade. The grills were made 
with another expanded shale processed at Strawn, Tex., which produces light 
gray concrete. This color was further lightened by the addition of 1.5 lb of 
titanium oxide per sack of cement. Concrete grill on one of the terraces is 
shown in Fig. 9. 
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Fig. 8—Precast grills shade window and _ Fig. 9—Terraces on west will have grills 
wall area continuous from floor to floor 


Patterns for these grills were cut from 6-in. mahogany lumber. All corners 
and all outside face edges were rounded, making every cut compound. Polyester 
resin and glass fiber cloth and matting were used to make the basic mold from 
the wood pattern. The laminated form was strong and rigid enough to support 
the weight of workmen placing steel and lubricating the form itself, but had 
sufficient flexibility to permit stripping. 


CONCLUSIONS 


In tall building frames of reinforced concrete, in which limitations on column 
sizes and shapes are fixed by others than the structural engineer, column 
dimensions can be reduced by one or more of the following: 

1. The use of high yield point (75,000 psi minimum) steel of satisfactory 
ductility for column reinforcement. 

2. The use of lightweight (less than 100 lb per cu ft) concrete throughout 
under competent laboratory supervision. 

3. The use of high strength (up to or even greater than 6000 psi) concrete 
where required to maintain required clearances. 
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Title No. 54-53 


Warping of Reinforced Concrete Due to Shrinkage’ 
By ALFRED L. MILLERT 
SYNOPSIS 


Objectionable deflections and deformations of structural elements, especially 
relatively thin slabs and shallow beams of buildings, usually are ascribed to 
faulty workmanship or materials, creep, and plastic flow when in fact they are 
evidence of warping. Warping due to temperature and moisture differentials is 
generally recognized but the effect of shrinkage has been relegated to the realm 
of uncertainty by attributing it to creep or plastic flow. 

Experimental investigation reveals that warping of reinforced concrete mem- 
bers due to shrinkage during the period of seasoning is an inherent characteristic 
of reinforced concrete that can be anticipated and controlled. A realistic theory 
is developed by which the amount of warping can be predicted and provision 
made for its reduction or elimination. 


INTRODUCTION 

Volume change due to rise and fall of temperature is characteristic of all 
structural materials, and the volume of certain materials is affected by moisture 
changes. Several materials, particularly wood and concrete, inevitably undergo 
a period of seasoning during which the appreciable volume change can cause 
changes in shape that are evidenced by objectionable deformations and 
deflections. 

Warping is alteration of shape caused by differential volume changes within a 
body arising from nonuniform temperature, moisture, and material properties. 
The process of seasoning of reinforced concrete is accompanied by shrinkage 
due to setting, hardening and drying, and the interaction of concrete and 
reinforcement with consequent effects on size and shape. 

Shrinkage of plain concrete has been extensively considered. Reliable 
informatiomr on the numerous factors and relationships affecting magnitude 
of shrinkage strain of unreinforced concrete is recorded, but the interaction 
of concrete shrinkage and steel reinforcement has received little attention and 
at present is almost entirely a matter of abstract speculation. Warping due 
to this interaction has been recognized but has been relegated to that category 
of uncertainties encompassed by the subjects of creep and plastic flow. 

Warping due to shrinkage was considered by J. R. Shank! in 1935 incidental 
to his notable treatment of plastic flow. The suggested formula was derived 
from the classical theory of stress distribution, the theory of flexure, and the 
elastic hypothesis. Validation by physical experiment was not indicated. 


Several publications and texts have quoted and illustrated the application of 


*Presented at the 10th ACI regional meeting, Seattle, Wash., Nov. 5, 1957. Title No. 54-53 is a part of copy- 
righted JoURNAL OF THE AMERICAN CONCRETE INstiTUTE, V. 29, No. 11, May 1958, Proceedings V. 54. Separate 
prints are available at 50 cents each. Discussion (copies in triplicate) should reach the Institute not later than Aug 
1, 1958. Address P. O. Box 4754, Redford Station, Detroit 19, Mich. 

tMember American Concrete Institute, Professor of Mechanics and Structures, University of Washington 
Seattle, Wash. 
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this formula. G. A. Maney’ showed the importance of warping in connection 
with studies of long-time yield of loaded members. G. W. Washa* in 1947 
reporting on the plastic flow of thin reinforced concrete slabs based on 5-year 
study properly considered the importance of warping as indicated by collateral 
auxiliary specimens thereby providing valuable basic data, analysis of which, 
however, was not pertinent to the report. 

In recent years, many cases of dished thin slab floors, sagging shallow beams, 
and drooping marquees and cantilevered appendages have caused consternation 
and controversy among the building owners, architects, structural engineers, 
contractors, and suppliers of materials. Faulty design, material, and work- 
manship are naturally suspected but in most cases tests have shown greater 
strength than anticipated and satisfactory elastic behavior. It then becomes 
obvious that deflections which apparently indicate weakness and flexibility 
are warping deformations which are coincidentally similar. 

Analysis of warping deflections as observed in actual structures by means 
of the current warping formula shows no correlation between theory and fact. 
Realistic interpretation of the phenomenon, a reliable means of evaluation 
and prediction, together with validation thereof by physical experiment are 
necessary to assure more satisfactory performance of thin slabs and shallow 
beams. Studies herein reported are part of a 5-year program of research for 
the purpose of obtaining accurate information concerning warping and develop- 
ing a reliable means for expressing the relationships. 


GENERAL CONSIDERATIONS 


Lack of information regarding warping due to shrinkage and the inadequacy 
of the present mathematical evaluations emphasize the need for comprehensive 
study. 

Because warping is strictly a geometrical phenomenon due to completely 
autogenous dimensional changes, it is apparent that conventional concepts of 
stress and elasticity are not determining factors. Experimental investigations 
verify this observation and demonstrate that strain is the single decisive factor. 
Inevitably, strains produce stresses but their relationship is not essential to 
the analysis of warping. Extensive study of the experimental results clearly 
demonstrates that warping is no function of f,’ and FE and further references to 
these irrelevant items are intentionally omitted, even though a considerable 
portion of the experimental studies was devoted to them. 

Assumption that concrete is homogeneous and isotropic is prequisite to this 
study. Great attention was paid to fulfillment of this requirement by careful 
batching, placing, handling, and storage of the test specimens. It is axiomatic 
that an initially straight specimen of uniform, identical material and dimensions 
throughout its length will be subjected to identical deformations in each 
element of length and tend to describe a circular are as the result of eccentric 
cross-sectional influences, and that when its sections are symmetrical, no 
curvature will develop. This postulate was substantiated by the behavior of 
all specimens. 
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SHRINKAGE 


Shrinkage is an inherent characteristic of portland cement concrete that is 
associated with the chemical and physical processes of setting, hardening, and 
drying. The amount of shrinkage is affected by type of cement, type of 
aggregate, proportions, methods of placing and curing, temperature, and 
humidity. Free shrinkage of plain concrete expressed as triaxial linear strains 
has maximum values in the range between 400 and 800 millionths for Type | 
cements and commonly used aggregates and proportions. Values of 500, 600, 
and 700 millionths are commonly accepted for low, medium, and high shrinkage 
respectively. These magnitudes are measured from the instant of placement 
to stabilized dimensions that will be reached in periods of 3 to 18 months under 
ordinary circumstances. Between 20 and 30 percent occurs in the first few days 
involving initial and final set and hardening. About 80 percent of the total is 
due to drying. Free shrinkage causes change in size but no change in shape. 

Steel reinforcement restricts but does not prevent shrinkage in its effective 
direction. It prevents free shrinkage of the concrete immediately adjacent 
to the steel to which it bonds, thereby inducing tension in the concrete and 
compression in the steel. The amount of concrete that participates in this 
interaction determines the compressive effect on the steel. When this inter- 
action is eccentric with respect to the cross section, unsymmetrical strains 


cause warping. 


GEOMETRY OF WARPING 


Warping is curvature of supposedly straight lines and plane surfaces. It may 
be expressed and measured in terms of either translational or rotational dis- 
placements. The former is preferable for physical description and measure- 
ments, and the latter is more suitable for mathematical purposes. The relation 
between the two methods of expression is derived in Fig. 1 (a). 

The following symbols and units will be used as notation. 


= displacement, in. 8, = steel strain in millionths 
= length, in. = effective depth, in. 

= radius of curvature = total depth, in. 

= curvature in millionths of radians per in. = eccentricity, in 

= concrete strain after bonding, in millionths 


Curvature is the result of unsymmetrical volume changes expressed in terms 


of linear strains. When an initially straight member becomes curved, parallel 


transverse sections become radial by rotational displacement. The amount of 
curvature can be found when the strains at any two points on the section are 
determined. Selecting one point on the reinforcement and the other point on 
the concave face of the concrete, the relationship between curvature and strains 
is depicted in Fig. 1 (b) for an element of length. All elements comprising the 
length of a straight member within which the material and sections are uniform 
will adopt identical curvatures and describe a circular are. 
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Fig. I—The geometry of warping 


The applicability of these simple abstract relationships to reality, the 
determination of their validity when applied to structural members, and the 
specific properties of the actual materials which are pertinent can be ascertained 
only by experimental research. 


PROGRAM OF TESTS 


Analysis of warping of reinforced concrete heretofore has been limited to abstract speculation. 
Even though its importance has been recognized, there is no record of physical research on the 
subject. The minute measurements required together with the time relationships and the 
uncertainty of factors involved presented practical problems that were resolved by numerous 
exploratory tests. As a result, the program which is the basis of this report was developed 

Two mixes approximating 3000 and 4000-psi commercial concrete were adopted. Regular 
Type I cement and good quality feldspathic aggregates were used. The 3000-psi mix contained 
4.75 sacks per cu yd and 8 gal. water per sack. The 4000-psi mix contained 6.5 sacks per cu yd 
and 8 gal. water per sack. By careful batching fair uniformity was attained, although varia- 
tions will be observed in the respective series of test specimens. Standard cylinders for each 
batch provided complete strength and elasticity information which, with minute details of 
fineness modulus, etc., are intentionally omitted from this report because they were found to 
be entirely irrelevant to the subject of warping. 

After considerable experimentation with methods of measurement and the practical aspects 
of preparation, handling, and storage, a standard test specimen 42 in. long and 3.25 in. wide 
was selected. Each series included thicknesses of 2.5, 3, 4, 5, and 6 in. Reinforcement by 
one #3 bar with 0.75-in. clear coverage and by two #3 bars with 0.75-in. clear coverage is 
intended to represent possible behavior of thin slabs in the range of p = 0.0063 to p = 0.0314. 
The four series which comprised the program are hereinafter referred to as: 


Series 1, two bars, 3000 psi Series 3, one bar, 3000 psi 
Series 2, two bars, 4000 psi Series 4, one bar, 4000 psi 


Series 1 and 3 are shown in Fig. 2. 

Each series was made from a single batch. In addition three 6 x 12-in. cylinders, four 
3x 3x 11-in. shrinkage specimens, and two 1.5 in. thick unreinforced specimens were prepared. 

Warping was measured by a three-point gage on a length of 39 in. between metal points and 
a ten-thousandth in. dial gage at midpoint. Gage points on both the convex and concave faces 
assured accuracy of readings and checked consistency of results. The gage and the means of 
support to eliminate dead load deflection are shown in Fig. 3. 

Free shrinkage of the four specimens of the batch of each series was measured by the device 
shown in Fig. 4. 
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Fig. 2—Specimens of Series 1 and Series 3; shrinkage specimens in the background 


All warping, control, shrinkage, and cylinder specimens of each series were made from a 
single batch. Forms were removed and gage points set within 24 hr at which time first readings 
were taken. The cylinders were cured and tested in accordance with standard specifications. 
All other specimens were placed in a ventilated room with a temperature that approximated 
65 F with a relative humidity of about 50 percent throughout the program to approximate 
usual practice. Specimens were placed on their sides and alternated in position to minimize 
nonuniform drying and other factors that might inhibit free warping. 


TEST RESULTS 


Measurements of warping deflections and shrinkage strains provide the basic 
physical data for the analysis of the process and its evaluation. Both are time- 
dependent, consequently frequent readings for a long period are necessary for 
accurate qualitative and quantitative appraisal. For the first month, daily 
observations were made beginning with the first day. Thereafter, less frequent 
readings served to obtain an accurate picture. Series 1 and 3 were observed 
for a period of 280 days, Series 2 for 100 days, and Series 4 for 75 days. A period 
of 100 days was found sufficient for the essential basic data from which relation- 
ships and maximum values can be obtained. 

All the deflections were measured to the nearest 0.0001 in. Readings 
were consistently regular without deviation from a smooth curve. The results 
for 120 days are shown in Fig. 5 for Series 1 and 2 and in Fig. 6 for Series 3 and 4. 


Deflections are expressed as curvature k in millionths of radians per in. for the 


Fig. 3—Gage support to eliminate dead load deflection 
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3, 4, 5, and 6-in. specimens of each series. The 2.5-in. symmetrically reinforced 
and the 1.5-in unreinforced specimens fulfilled expectations and did not warp. 

The four shrinkage specimens of each series were subject to the same condi- 
tions as the warping specimens. In spite of their presumable uniformity, 
identical strains did not develop and each set of four showed deviations in the 
range of = 10 percent from an average. The average free shrinkage strains in 
millionths for each series for a period of 120 days are shown in Fig. 5 for Series 1 
and 2 and in Fig. 6 for Series 3 and 4. 


GENERAL OBSERVATIONS 


In the course of the program, certain characteristics became evident which 
are important to proper evaluation of the recorded results. As generally ac- 
knowledged, exact uniformity cannot be attained in concrete specimens; 
natural deviations in properties can be minimized but not eliminated. This 
does not preclude the mathematical treatment of numerical results but does 
emphasize the need for realistic appraisal of both the observable facts and the 
theoretical analyses. 

Shrinkage started during the first day and continued without interruption 
for 9 months or more at a diminishing rate. Warping started during the fourth 
or fifth day and progressed at a rate resembling shrinkage thereafter. For all 

series, the 5-day shrinkage is almost 
exactly 25 percent of the final total 
free shrinkage. Therefore, warping is 
caused by the shrinkage at a given 
instant minus the 5-day shrinkage. 
Final warping is determined by ap- 
proximately 75 percent of the total 
free shrinkage. These observations 
are clearly depicted by the basic data 
recorded in Fig. 5 and 6. 

Concrete shrinkage is restricted by 
reinforcement within a limited range 
and beyond this limit free shrinkage 
occurs. Shrinkage strains of the con- 
cave face of a warped specimen never 
exceed free shrinkage and will equal 
free shrinkage when outside the re- 
strictive range of the reinforcement. 

Symmetrical sections do not warp 
regardless of the magnitude of con- 
crete shrinkage. The combination of 
eccentric reinforcement and concrete 
shrinkage causes warping. Also, plain 
concrete with unsymmetrical shrink- 

Fig. 4—Device to measure free shrinkage age properties will warp. 





WARPING DUE TO SHRINKAGE 


ANALYSIS OF RESULTS 


Warping as a function of shrinkage is shown by Fig. 7. Free shrinkage strains 


are shown as abscissas. Note that direct proportionality is apparent after 
s = 250 which corresponds to conditions at 8 to 12 days. Up to that time, the 





Fig. 5—Deflections expressed 

as curvature k for Series | 

and 2; free shrinkage strains, 
bottom graph 


_Series|3 
Series 4 
Fig. 6—Deflections expressed 
as curvature k for Series 3 
and 4; free shrinkage strains, 
bottom graph 
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members are obviously in a state of complex internal adjustments. After the 


warping-shrinkage relationship is established, undoubtedly interaction between 
the steel and the concrete includes regular adjustments of internal stresses and 
maintenance of equilibrium. It is to be expected that creep and plastic flow will 
act simultaneously with shrinkage to the end that stress intensities will be 
minimized. Determination of stresses due to this interaction is not considered 
in this study, but supplementary tests show that they are considerably smaller 
than indicated by current abstract theory. 

The geometry of the curvature-strain relation shown by Fig. 1 (b) is ex- 
pressed : 


Inspection of Eq. (1) shows that it is consistent with the direct proportionality 
of the test results shown in Fig. 7 and furthermore indicates that the ratio 
























































Fig. 7—Warping as a func- 
tion of shrinkage 
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8,/8- 1s a constant for each series. Validity of this appraisal is demonstrated 
by Fig. 8 in which values of kd are shown to be substantially identical for all 
specimens of each series after complete interaction is attained at approximately 
the tenth day. This finding indicates that s, must be the free shrinkage strain 
after bonding and that s,/s, is determined by the coverage of the steel rather 
than the conventional ratio p- 

Further analysis of Eq. (1) clearly indicates that it is not general since ob- 
viously it does not apply when d = t/2 andk = 0. It is applicable to members 
where d/t exceeds 2/3, which is the usual case. For smaller eccentricities, 
where d/t is less than 2/3, the strain on the concave face is less than s. and 
curvature is controlled by the balance between the rotational influences of the 
concrete strains about the position of the steel. Both cases are illustrated in 
Fig. 9. It is apparent that transition occurs when d/t = 2/3. 

The existence of two cases was not anticipated in the research program; 
consequently, study of the effects of small eccentricity is incomplete. However, 
supplementary tests support the validity of the following theoretical analysis 
and establish the range of applicability as d/t = 2/3. 

Refer to Fig. 9 (b). By interaction with the steel, the concrete shrinkage 
strain is prevented from attaining the value s,, thereby causing tension in the 
concrete and equal compression in the steel. Rotational deformation develops 
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in order to maintain rotational equilibrium. Assuming that concrete exerts 
tension in proportion to the amount of strain by which it is prevented from 
reaching its unstressed magnitude s., the moment on the concave side of the 
steel will equal the moment on the convex side. Expressing this relationship 
in terms of the quantities as indicated yields the following expression for 


curvature: 
8. e/l 
k = — (1 — s,/s-,) 
t 1/12 + (e/t)? 


Solving Eq. (1) and (2) simultaneously produces the result, e/4 = 1/6 and 
d/t = 2/3, thereby fixing their ranges of applicability. 


THE TERM, s,/s. 


The relationship between shrinkage strain induced in the steel, s,, and the 
free shrinkage strain of the concrete after bonding is the principal factor that 
determines the warping of a member of specified dimensions. Research now 
in progress indicates that shrinkage imposed on a given bar arises from the 
action of the concrete immediately surrounding the bar and that additional 
concrete outside a specific range has no effect. In other words, bars of all sizes 
surrounded by a large amount of concrete will have identical shrinkage strains. 
Exploratory tests indicate that when any bar is subject to shrinkage of a 
































dy, exceeds VY, a, equals 23 or less 


s Ss) 
k= + (1- = 


= 22.6 - 22) 78 
< Sec Wiz +(%)* 


Fig. 9—Expressions for curvature for two ranges of ratio d/t 
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surrounding concrete area in excess of 100 A,, s, approximates 0.7 s.._ Observa- 
tions indicate that an exposed bar even when bonded to adjacent concrete is 
negligibly affected. Therefore, it appears that coverage related to bar size 
controls the value of s,/s, which will be in the range between 0 and 0.70. 
However, precise values of this ratio can not be assigned until they are as- 
certained by experimental investigation of this unexplored aspect of the subject. 

Analysis of test results reported in Fig. 5 and 6 shows consistent values for 
all specimens as follows: 


Series 1 and 2 with two #3 bars, s,/s. = 0.10 

Series 3 and 4 with one #3 bar, s,/s, = 0.30 
Cover in all cases is 44 in. Less coverage will reduce and greater coverage will 
increase these values. Pending more information, these values are suggested 
for heavy and moderate reinforcement respectively. 


APPLICATIONS 
Example 1 
Calculate the probable midspan warping deflection due to shrinkage of a 6-in. slab with 
d = 5in., L = 10 ft (either a simple span or between points of contraflexure) with medium 
shrinkage and #4 bars at 6 in. 
Eq. (1) applies. 
Se = 75 percent of total shrinkage = 0.75 (600) = 450 millionths 
8,/8. = 0.30 
450 


— (1 — 0.30) = 63 millionths radians per in 
0 


kL? 63 (14,400) 
A = >: it = (0.1134 in 
8 8 (1,000,000) 


If steel is exposed on the soffit face, 


d = 5.75 in 78.2, and A = 0.141 in 


Example 2 
Calculate the probable warping deflection of a heavily reinforced cantilever slab with a span 
of 8 ft, high shrinkage concrete, t = 4 in., andd = 3 in. 
Eq. (1) applies. 
s. = 0.75 (700) = 525 millionths 
8,/& = 0.10 
For an 8 ft cantilever, L = 16 ft 


525 
k = — (1 — 0.1) = 157.5 millionths radians per in. 


‘ 


157.5 (36,864) ON 
= = 0.726 in. 
8 (1,000,000) 
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The examples are actual cases and agree with measurements of the subject 
structures. Numerous similar examples can be cited. 


CONCLUSION 


Unexplained warping due to shrinkage is the source of implications that must 


be faced. While the load capacity is actually increased and the flexural prop- 


erties not affected, the consequences of warping can be severe. Knowledge of 
the warping process, determination of the physical factors involved, and a 
reliable means of anticipating and evaluating warping deformation are essential 
in order to eliminate it or to restrict it to tolerable limits. 

The information contained in this report is intended to improve reinforced 
concrete design practice particularly with regard to thin slabs and shallow 
beams. Obviously, warping can be eliminated by means of symmetrical 
sections. It can be substantially reduced by a relatively small amount of 
reinforcement near the concave face. Low-shrinkage concrete and a larger 
number of small bars rather than a smaller number of large bars can provide 
considerable reduction. 

The subject of warping has been given little attention, and there is a cor- 
responding lack of information. This study proves that warping is a relatively 
simple phenomenon when viewed apart from the complex abstractions that 
are associated with strength and elasticity. Continued research along this 
line, particularly with respect to interacting strains, can resolve present 
questions and clarify this important aspect of reinforced concrete practice. 
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Transverse Strength of Concrete Block Walls* 
By F. W. COXTF and J. L. ENNENGAT 
SYNOPSIS 


Twelve concrete block wall panels were tested in pure horizontal flexure. 
The panels represented both 8-in. hollow load-bearing block and cavity con- 
struction with 4 in. thick wythes§ and 2-in. cavity. Joint reinforcement was 
used in half the panels. All results are expressed in terms of the maximum 
bending moment per foot of height which the wall withstood before breaking. 
The strength in horizontal span was found to be several times greater than the 


strength reported by other experimenters for vertical spans. ** 


INTRODUCTION 

Concrete masonry is primarily a load-bearing material with relatively large 
compressive strength. The tensile strength is small and highly variable in 
character. Up to within the last 10 or 15 years, masonry was used exclusively 
as a load-bearing material, and walls possessed gravity stability because of the 
mass of the wall and the superimposed floor loads. Under such design condi- 
tions, flexural and tensile strengths were not a consideration. 

The trend of the last 15 years, however, has been in the direction of walls 
with less and less lateral support and with little or no superimposed loads to 
make them gravity-stable. Warehouses and shops with walls 20 ft or more 


in height are common, but cannot be justified on the basis of gravity stability. 


Moreover, many modern wall designs for schools or offices have strip windows 
and large door openings which interrupt the beam action. 

Building codes usually require only that transverse support be provided 

at either horizontal or vertical intervals not to exceed 18 times the nominal 
wall thickness. Building codes also require that struetures be designed to 
resist certain wind pressures, but fail to give any other basis for the design 
of individual wall panels. The authors believe that spacing transverse sup- 
ports at distances not to exceed 18 times the wall thickness is generally satis- 
factory for solid walls, but it cannot be applied indiscriminately to walls re- 
gardless of their shape or the size and arrangement of openings cut in the walls. 
Under such conditions, the engineer designing for wind pressures and other 
lateral forces needs some estimate of the flexural strength of masonry. The 
object of the tests herewith reported is to provide such information. 
*Received by the Institute July 10, 1957. Title No. 54-54 is a part of copyrighted JourNAL or THE AMERICAN 
Concrete Institute, V. 29, No. 11, May 1958, Proceedings V. 54. Separate prints are available at 50 cents each. 
Discussion (copies in triplicate) should reach the Institute not later than Aug. 1, 1958. Address P. O. Box 4754, 
Redford Station, Detroit 19, Mich. 

+Member American Concrete Institute, Chief, Structural-Architectural Section, Military Branch, Omaha District 
Engineer's Office, Corps of Engineers, Omaha, Neb. 

tHead, Structural Design Group, Military Branch, Omaha District Engineer's Office, Corps of Engineers, Omaha 
Neb. 

§A wythe is each continuous vertical section of a wall one masonry unit in thickness and tied to its adjacent 
vertical section or sections by bonders, metal ties, or grout. 


**Bulletin No. 251; University of Illinois Engineering Experiment Station; Report BMS-5, National Bureau of 
Standards. 
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Fig. 1 (left)—Construction of A panel showing Z-bars. Fig. 2 (right)—Construction of D 
panel showing joint reinforcement 


All previous research available to the authors has been concerned with the 
flexural strength in the vertical direction. Such strength has been extremely 
low, with the panels always failing in the bond of the mortar to the block 
in a bed joint. Tests by the authors indicate that the strength in the hori- 
zontal direction is much greater than in the vertical direction. This is be- 
cause the strength of the usual mortar mixes is sufficient to prevent failure by 


shear through the mortar. In other words, the shear strength of mortar in 
the bed joints prevents individual block from rotating out of position in the 
plane of the wall. Therefore, failure occurs by complete rupture through 
the block and vertical mortar joints (see Fig. 4, 5, and 7). 


MATERIALS AND TEST EQUIPMENT 


Twelve masonry panels were constructed. Three “A” panels were of 4 in.- 
2 in.-4 in. cavity* wall construction, using 14-in. Z-bar ties for each 3 sq ft 
of wall area (Fig. 1). Three “B” panels were of similar 4-2-4 construction, 
except that extra heavy joint reinforcement was used in each bed joint to 
replace the Z-bar ties. Three ‘‘C’”’ panels were constructed of 8 x 8 x 16-in. 
hollow load-bearing concrete block. Three ‘‘D” panels were constructed of 
8 x 8 x 16-in. hollow load-bearing concrete block with standard joint rein- 
forcement in each bed joint (Fig. 2). All panels were six block long (8 ft) 
and all A, B, and D panels were 3 ft 4 in. high (five courses). Panels C-1, 
C-2, and C-3 were three, five, and seven courses high, respectively, to determine 
whether the variation in strength was other than a straight-line variation. 

The block were 8 x 8 x 16-in. hollow masonry units and 4 x 8 x 16-in. cored 
slabs taken from the manufacturer’s stockpile. All block were load-bearing 
type made with sand-gravel aggregate. The joint reinforcement for the 8-in. 


*Cavity wall is a wall built of masonry units so arranged as to provide an air space within the wall and in which 
the inner and outer wythe are tied together with metal ties. 





TRANSVERSE STRENGTH OF BLOCK WALLS 


Fig. 3—(Left) End reaction frames of test jig. (Right) Wall panel in test jig, loading 
beam and hydraulic jack in center 


walls had 9-gage longitudinal wires and 9-gage web members. Reinforcement 
for the cavity walls was made with 3/16-in. longitudinal wires and 9-gage web 
members, with a drip or crimp located at the center of each web member. 
All the walls were built in mid-September by a masonry contractor. 

The specifications called for a mortar composed of one part portland cement, 
one part lime, and five parts sand by volume. The mason failed to follow 
specifications and, due to his speed of operation, the error was not caught 
until five of the 12 walls had been started. The mortar used was two parts 
portland cement, one part masonry cement, and three parts sand. This mix 
is preferred by some masons in this area for cold weather construction. To 
obtain comparable results between all panels, the authors permitted the 
masons to continue use of this mortar throughout. Rich mortars generally 
develop high compressive strength* but are often weak in bond. The authors 
believed that, even with weak bond, the strength developed in the bed joints 
would be sufficient to develop the wall in bending. This belief was verified 
when all the panels broke with vertical cracks extending from top to bottom 
of the wall with no sign of shear failure along bed joints. 

All test panels were broken in a structural steel jig which produced con- 
ditions of a simple span with a concentrated load in the center. The load 
was applied with a hydraulic jack through a vertical loading beam (Fig. 3). 
The least reading of the jack was 200 lb. The loading beam was suspended 
from a roller chassis which was part of the jig. Likewise, the test panels 
were constructed to bear on rollers made of short sections of pipe which 
rolled on smooth troweled concrete slabs. This eliminated most of the bottom 
restraint which would otherwise exist. The success of the attempt to reduce 
restraint was evident when all the walls, at failure, developed a hairline crack 
extending from the top to the bottom of the wall. These cracks widened 
uniformly as the pressure was increased (Fig. 4 and 5). It was also noted 
that after the first crack appeared in unreinforced walls, the walls moved with 
little jacking pressure. Bottom restraint could not exceed this jacking pressure. 


*Tests run by the Testing Laboratory, Missouri River Division, Cups of Engineers, indicated an average com- 
pressive strength of 5508 psi and a tensile strength of 515 psi at 28 days for the mortar. 
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Fig. 4 (left)—Typical failure through block and header joints of 8-in. block wall without 
joint reinforcement. Fig. 5 (right)—Typical failure of 4-2-4 cavity wall without joint 
reinforcement 


The’ relative freedom from restraint, both in the walls and in the loading 
beam, is an important and unique feature of these tests. These features 
enable the experimenter to measure the strength of each panel resulting 
from its resistance to horizontal bending alone. The lateral strength of a 
wall is the summation of the strength resulting from several sources as enum- 
erated on p. 958. One major source of strength, however, for which the 


authors could find no previous source of test data is the ability of running 


bond masonry construction to span horizontally as a beam. Therefore, a 
value was desired as nearly free of restraint as possible. Moreover, regard- 
less of the loading pattern, it is felt that any particular masonry wall must 
have one limiting maximum bending moment at which it will fail, except in the 
case of very short walls which might first fail in shear. Within limits, the 
loading pattern or span length does not affect the maximum bending moment 
at which a given steel or reinforced concrete beam will fail. Failure will 
result from any combination of loads and span which produces the maximum 
critical bending moment for the beam. It then seems reasonable to believe 
that the same will be true for concrete block walls when they function as a 
beam. Because an isolated value for horizontal beam strength alone was 
desired, the equipment used, which produced conditions of a concentrated 
load in the center of a simple span, is-believed to be as satisfactory as any 
which might be devised. This is particularly true since none of the walls 
show evidence of failure by shear. The maximum bending moment per foot 
of height is quoted in the results because that unit is believed to be the most 
practical measure of wall strength. 

Deflection of the walls was measured with three Ames dials (least reading 
0.001 in.) mounted on an angle frame isolated from the loading mechanism. 
The gages were located at midheight of the wall and at quarter-points of the 
span. The first wall panel was broken 36 days after the walls were con- 
structed. The remaining walls were broken 36 to 41 days after construction. 
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Fig. 7—Failure of 4-2-4 cavity wall with Fig. 8—Typical failure in 8-in. D wall with 
joint reinforcement joint reinforcement 


SUMMARY OF RESULTS 


The moment-deflection curves in Fig. 6 show good uniformity of results. 
These curves approached the typical parabolic shape for concrete. 

The A-type walls (cavity walls with Z-bar ties only) proved to be the 
weakest walls tested. The failures occurred in two stages, beginning with 
rupture of the loaded wythes. Initial failure occurred at an average moment 
of 860 ft-lb per ft of height. The far wythe continued to carry an average 
moment of 480 ft-lb for a perceptible time, indicating that the two wythes 
act as separate beams. 

In contrast, the B-type walls (cavity wall with joint reinforcement) 
failed under a load producing a moment of 1200 ft-lb per ft of height, and 
failure was evidenced by cracks in both wythes (Fig. 7). 

No trend could be established with the several heights of C walls. The 
greatest unit strength was observed in the smallest wall. However, the five- 
course C-2 wall failed at a moment of 1140 ft-lb per ft, which compares fav- 
orably with the 1200 ft-lb per ft initial failure of the five-course D-2 and D-3 
wall panels (Fig. 8). 

The B and D walls continued to resist bending moment through a large de- 
flection after the masonry ruptured. Comparison of the reinforced and non- 
reinforced D and C panels, however, indicates that the reinforcement did not 
influence the load under which the wall cracked, but that it did act to control 
the cracks and to preserve the wall after the wall cracked. Joint reinforce- 
ment did increase the basic strength of B walls over A walls. 

Several panels were loaded through one or two partial cycles to demonstrate 
elastic recovery within certain limits. For instance, the load on Panel A-2 
was raised to 480 ft-lb per ft of height, then reduced to zero followed by 
loading to failure. Similarly, B-1 was cycle loaded to 1200 ft-lb per ft; C-1 
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TABLE 1—LABORATORY STRENGTHS OF BLOCK 


Ultimate Ultimate 
Sample Size, in. Span, in. load, Ib moment (PL/4), 
ft-lb 
8x8x16 d 2820 
Sx8x16 é 3910 
Sx8x16 d 2690 
8x8x16 < 2640 
Sx8x16 é 3630 
6 SxSx 16 < 3560 
Average 
1x8x 16 bh 2130 
1xS8x 16 14 2490 
1x8x16 14% 2500 
4x8x16 14% 1820 
1x8x16 414 1920 
6 1x8x16 14% 2000 
Average 


to 1000 ft-lb per ft; C-2 to 840 ft-lb per ft; C-3 to 429 ft-lb per ft; and D-3 to 
800 ft-lb per ft. Each was unloaded and then loaded to failure. Maximum 
strength did not appear reduced by the one or two cycles of loading. All walls 
partially loaded recovered all but 0.002 to 0.004 in. of their initial deflection. 


It would be desirable to establish a relation between the flexural strength of 
individual block and the strength of the wall as a whole. It is the authors’ 
belief that the principal strength in a wall comes from the strength of the indi- 
vidual block which must be ruptured before the wall fails. The theory was 
therefore considered that the total strength of a wall must bear a close rela- 
tionship to the product of the rupture strength of individual block, multi- 
plied by the total number of block in the plane of rupture. To explore this 
theory, six 4 x 8 x 16-in. and six 8 x 8 x 16-in. block were tested in flexure as a 
simple beam lying on one side, with concentrated loads in the center. Large 
strength variations were noted in individual block (Table 1). The small 
strength difference between the 4-in. and 8-in. block indicated some error or 
inconsistency in the method of testing. 


The strength of the 4-in. block seems to approximate that of the type A 
walls from which they were built. As seen in Fig. 5 and 7, failure occurred 
by rupture through two blocks in each wythe, or a total of four blocks. Table 
1 shows the average strength of block to equal 650 ft-lb per block or 2600 
ft-lb total for the four block. The average total strength of wall from Table 
2 was 860 ft-lb per ft of height. The total height was 3 ft 4 in. and therefore 
the total actual strength was 2860 ft-lb. The difference between actual 
strength of 2860 ft-lb and predicted strength of 2600 ft-lb can readily be 
attributed to bond in the header joints and the restraint at the bottom of the 
wall panels. All evidence accumulated for this report indicates that the 4-in. 
block functioned in this manner, both when tested separately and when con- 
structed into a block wall. 
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TABLE 2—SUMMARY OF RECOMMENDATIONS 





Average L in ft 
moment at L=./8™ for a safety 
rupture, ft-lb per ft Vw factor of 2 Remarks 
of height 


860 18’ 6” 
1200 22’ 0” 18’ 0” design span 
1140 21’ 4” 
1280 22’ 7° 18’ 0” design span 


It was evident, when the 8-in. block failed at only 867 ft-lb of bending 
moment, that something was defective in the manner of testing or in the 
type of failure which had occurred. Based on section modulus, it should 
logically follow that an 8-in. block would have approximately four times 
the flexural strength of a 4-in. block. When placed in a concrete block wall, the 
one face shell of the block must act in tension and the opposite face shell must 
act in compression, thus developing the force couple which resists the bending 
moment of applied load. The low breaking strength of the 8-in. block, when 
compared with the strength of the 4-in. block, indicates to the authors that 
the 8-in. block, when tested individually, did not fail in flexure as a single 
beam. It appears that the two face shells failed individually, each one acting 
as a separate shallow beam. The authors do not pretend that experimental! 
data is sufficient to prove the point in either direction. There is some evi- 
dence that the 4-in. block does give an indication of a total wall strength, 
whereas the 8-in. block plainly does not. 


DISCUSSION 

The strength of a masonry wall may stem from several sources: 

(a) Tendency of the wall to cantilever from its base. 

(b) The direct floor and roof loads cause compression in the wall which 
must be overcome before bending in the vertical direction can cause any 
tension in the masonry. 

(c) Flexural strength in the vertical direction (always small). 

(d) Horizontal arching action of walls in which the ends of each panel are re- 
strained between rigid supports such as columns. 

(e) Flexural strength in the horizontal direction because of the interlocking 
effect of successive courses of block, which is the subject of this report. 

The average bending moment per foot of height is given in Table 2. The 
choice of a safety factor to accompany these bending moments must depend 
not only on the strength contributed by each of the sources listed above, but 
also upon the possibility of random shrinkage cracks. Random shrinkage 
cracks may completely destroy the horizontal flexural strength of the wall. 
The probability of such cracks increases as the control over the quality of the 
block is relaxed. The use of properly designed shrinkage control joints lo- 
cated at strategic intervals, in combination with well-cured, high-grade block, 
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eliminates most of the random cracks. These control joints must be a complete 
separation through the full thickness and height of the wall. They should be 
located at points of lateral support (such as columns or transverse walls) 
or midway between such supports so as to develop simple spans or balanced 
cantilever spans. It is also desirable to consider the distance which each 
type wall would span before failure under wind pressure. The wind load 
recommended by a committee of the American Society of Civil Engineers* 
and adopted by the Corps of EngineersT is 20 psf for the first 300 ft above 
ground level. Maximum spans were calculated from the test data for each 
type of wall, using this wind pressure (see Table 2). 

teferring to new walls free of all apparent defects, the tests indicate that 
an 8-in. solid wall will span 22 ft and a 4-2-4 cavity wall will span 18 ft 6 in. 
before failing under a 20 psf wind pressure. Applying a safety factor of two, 
these spans are reduced to 15 and 13 ft, respectively. This compares favor- 
ably with the present allowable span of 12 ft permitted by the “American 
Standard Building Code Requirements for Masonry.”ft Thus, the building 
code would seem to make some allowance for small window openings in wall 
panels, and minor defects. 

The authors would be less conservative in the handling of walls with joint 
reinforcement as typified by B and D walls. The effect of joint reinforcement, 
however, fell below expectations. Calculations will show that the stress in 
joint reinforcement is negligible at the stress level where masonry ruptures. 
It was observed that the basic strength of 8-in. walls with joint reinforce- 
ment was increased little over those without reinforcement, even though rein- 
forcement was used in every bed joint; but the reinforcement aids in reducing 
shrinkage cracks and therefore assures the designer of a certain minimum 
flexural strength. If control joints were provided at each transverse support§ 
and joint reinforcement was continuous between transverse supports in 
every bed joint, the authors would allow 8-in. walls to span 18 ft between 
supports. 

The strength of 4-2-4 cavity walls was increased 33 percent by the addition 
of joint reinforcement. The joint reinforcement unites the two wythes and 
tends to cause them to act as a single beam. The authors would therefore 
permit 4-2-4 cavity walls with joint reinforcement in every bed joint to span 
the same distance between supports as 8-in. stretcher block walls. 

If windows and doors occurred in any particular panel, the same amount of 
total reinforcement would be required as in a panel without openings, except all 
the reinforcement which normally would have been applied to the zone in 
the height of the windows or doors must be concentrated immediately above 
and below such openings. This can be accomplished with reinforced con- 
i *“Wind Bracing in Steel Buildings,"’ Final report of Subcommittee No. 31, ASCE Committee on Steel of the 
Structural Division, Transactions, ASCE, V. 105, 1940, p. 1713. 

tEngineering Manual for Military Construction, Department of the Army, Corps of Engineers, Office of the 
Chief of Engineers, 1940, Part IV, Chapter 1, p. 2. 

Sie Ganieel bsis ead Uy the Caape of Minginsnrs inesepenmie & teged acmeoion tetcomn nieio poe 

) N J i ’ 


and the joint will transfer shear forces but not moment. Therefore, a control joint at the point of support creates 
simple span conditions between the supports. 
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crete block beams formed by placing concrete and reinforcing steel in a shell 
formed from standard bond or lintel beam units. Detailed rules are not 
practical, but it is evident that where large openings occur in a wall, the 
remaining sections of wall must be strengthened to compensate for the loss of 
strength across the opening. 

In choosing design strength factors, the authors recommend the practice of 
selecting the principal source of strength and assigning a design value for that 
one source of strength. Then, in the design of masonry walls, they disregard 
all other sources of strength and treat them as additions to the factor of 
safety. For example, the “American Standard Building Code Requirements 
for Masonry”’* permit an 8-in. block wall to span only 12 ft in either the 
vertical or the horizontal direction. The authors would permit the walls to 
span to greater heights if vertical supports were placed at intervals not ex- 
ceeding 18 ft, as recommended in Table 2 for type D walls and if joint rein- 
forcement was placed in every bed joint. Then the tendency of the wall to 
cantilever from its base, the flexural strength in the vertical direction, and 
other sources of strength would be used as a factor of safety. 


CONCLUSIONS 


The number of walls tested was small, but correspondence of results was 
close for each type of wall tested. The bending moment per foot of height 
expressed in foot-pounds is therefore considered practical information for 
walls working in simple horizontal span conditions. 

The results are shown in Table 2. The A and B walls were of 4 in.-2 in.-4 in. 
cavity construction. The C and D walls were of 8-in. stretcher block con- 
struction; the D walls contained joint reinforcement. The indicated spans 
are based on the moment caused in a simple span with 20 psf wind loading. 
A factor of safety of two would result in spacing transverse supports 13 to 15 
ft apart in nonreinforced walls. However, the authors recommend 12-ft 
spacing in compliance with the “American Standard Building Code Require- 
ments for Masonry.” A span of 18 ft between supports is considered reason- 
able for 8-in. walls with joint reinforcement in every bed joint, and for 4-2- 
cavity walls with joint reinforcement in every bed joint. 

The information in the report relates to only one grade of mortar and 
only to 8-in. block walls and to cavity walls composed of two 4-in. wythes 
separated by a 2-in. cavity. Such walls are treated by the “American Standard 
Building Code Requirements for Masonry” as having equal strength to an 
8-in. wall. The experimental data is limited but should be valuable to struc- 
tural designers if good judgment is used, based on the strength of materials 
and the size and shape of the walls in question. 


* Miscellaneous Publication No. 211, National Bureau of Standards, U. 8. Department of Commerce, July 1953. 


Discussion of this paper should reach ACI headquarters in triplicate 
by Aug. 1, 1958, for publication in the Part 2, December 1958 JourNat. 





Title No. 54-55 


Reinforcement of Press Foundations 
by Post-Tensioning* 


By FRITZ KRAMRISCHT 
SYNOPSIS 


existing foundations were post-tensioned to accommodate new presses almost 
twice as heavy as those for which foundations were originally designed. Method 
is described and load analysis given. 


INTRODUCTION 


Five 2500-ton presses and two 1950-ton presses were to be placed on founda- 
tions that had been designed and constructed to receive presses of much smaller 
weight. The existing press foundations consisted in general of hollow concrete 
boxes about 14 x 22 ft in plan, 18 ft deep, with 12 in. thick walls, 24 in. thick 
bottom slabs, and solid piers for the support of the presses. 

Although the presses to be placed on these foundations were almost twice 
the weight for which the foundations were designed, the size and location of 
the piers and the required clearances were sufficient to accommodate the heavier 
presses. The use of these foundations, therefore, depended solely on the 
possibility of increasing the structural strength of the base slab. 

The original design of the bottom slab was based on an equally distributed 
soil pressure. Because the reinforcement used could not provide for an increase 
of more than 50 percent in the total load, and because concentration of the 
bearing pressures under the piers alone would produce excessive values, a 
method of post-tensioning was chosen to increase the structural strength of 
the base slab. The tensioning was to be applied only in one (longitudinal) 
direction between the main piers supporting the presses. 


ANALYSIS 


Fig. l(a) is a longitudinal section through the base slab with all forces 
acting upon it. Fig. 1(b) shows schematically the moment distribution in the 
base slab due to the loads from piers and press and the equally distributed soil 
reaction. 

{ = cross sectional area of base slab ”., F. = friction at bottom of base slab 
m = distance of centroid from the bottom prestressing force 
Sr section modulus of base slab at top , eccentricity of P 
Sp section modulus of base slab at bottom 

*Received by the Institute May 14, 1957. Title No, 54-55 is a part of copyrighted Journal or rue AMERICAN 
Concrere [nsrirute. V. 29, No. 11, May 1958, Proceedings V. 54. Separate prints are available at 50 cents each 
Discussion (copies in triplicate) should reach the Institute not later than Aug. 1, 1958. Address P.O. Box 4754 


Redford Station, Detroit 19, Mich 
+Member American Concrete Institute, Civil Engineer, Albert Kahn Associated Architects and Engineers. In 


Detroit, Mich. 
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A, m, Sr, and Sg have been deter- 
mined for the transformed section 
under consideration of the existing 
mild steel reinforcement. F; and F. 

» had to be assumed, but an error in 
BASE JL46 their approximation is of only little 
importance because F is small in com- 

Z) MM, M, parison to P. 
Moe P and e were then figured from the 
assumption that the longitudinal ten- 
Fig. 1—Forces and moments in the base sile stress f;p in the bottom fiber at 1, 














slab and for in the top fiber at 2 shall be 
reduced to zero. 
(P — F, (M, + Fym + Pe) 
fke=- i - = 0 
A Sp 
(P — Fs3) (M. — Fam — Pe) 
fr=- ae . = 0 
A Sr 


The corresponding compression stresses f;r and fx were far below the maxi- 
mum allowable values. 
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Fig. 2—Plan and sections of press foundation with added prestressing steel 





POST-TENSIONED PRESS FOUNDATIONS 


POST-TENSIONING PROCEDURE 


Excavations were made at both ends of each press foundation and carried 
down to the bottom elevation of the base slab. Afterward, slots were cut into 
each end wall close to the top of the base slab and two anchor blocks were cast 
one at each end of the foundation box with inserted pipe sleeves extending from 
the slots to the bearing plates at the exterior ends of the anchor blocks. Stres- 
steel bars were then placed through the sleeves, extending across the floor of 
the base slab to the exterior bearing plates. The purpose of the end anchor 
blocks was to provide anchorage for the tensioning units, and to transfer the 
required pre-compression into the foundation slab. Plan and sections are 
shown in Fig. 2, a schematic drawing of the arrangement. 

The end anchor blocks were designed to press against the foundation slab 
over a narrow rectangular area at the calculated elevation and to be counter- 
balanced at their upper end. To 
transfer most of the tensioning force 
into the foundation slab, the end J Sorr 


ns , Mars 
anchor blocks (Fig. 3) were made 


relatively high to produce a great (3 Jew s/0NING 
ratio of a/b. In order to protect the a Uwr. 
- = a 





light reinforced slabs of the end walls, 
continuous bearing along the upper 
end of the anchor block had to be 
avoided and the bearing was concen- Fig. 3—Detail of end anchor block 
trated at each upper corner in a square 

area pressing directly against the mass of the pier. Provision of a layer of soft 
material prevented bearing at intermediate areas where the contact between 
the anchor block and the original foundation box was to be avoided. Steel 
struts were shimmed in tight in the line of the upper bearing areas to transfer 
the compression across the openings. 

After the tensioning units were stressed, a protective concrete topping was 
placed over the floor of the base slab and the sleeves were pressure grouted. 
Concrete protection was placed, also, over the exposed nuts and bearing plates 
and the excavation backfilled with sand. 

The presses in a major factory in the Detroit area have been in successful 
operation now for over 214 years on the strengthened foundations. Albert 
Kahn Associated Architects and Engineers, Inc., Detroit, designed the press 
foundations and the reinforcement; Darin and Armstrong, Inc., Detroit, were 
the general contractors. Truscon Steel Division of Republic Steel Corp. 
furnished the Stressteel bars. 


Discussion of this paper should reach ACI headquarters in triplicate 
by Aug. 1, 1958, for publication in the Part 2, December 1958 Journat. 








Title No. 54-56 


High-Density Concrete for Shielding 
Atomic Energy Plants* 


By HAROLD S. DAVISt 


SYNOPSIS 


Concrete properties required for gamma ray absorption and neutron attenua 
tion are outlined. ‘Fixed’’ water content and its role in slowing down fast 
neutrons are explained. Grouts and mortars, heavy aggregate properties, and 
use of boron are also covered. Placement methods evaluated include: con- 
ventional, pumping, prepacking, and puddling. Formwork problems including 
dimensional tolerances are outlined, and shields made of high-density concrete 
block are described. Tabulated data cover costs of materials as well as finished 
shielding structures. 


INTRODUCTION 


Concrete is composed of pieces of inert aggregate held together by a hardened 
cement paste. Conventional concrete, made with sand and gravel, or crushed 
aggregate, portland cement, and water, weighs about 150 lb per cu ft and costs 
around $50 to $125 per cu yd, instalied. High-density concretes, which have 
special compositions for improving shielding effectiveness, may cost from $150 
to $1000 per cu yd, including forms. Proper use of these special concretes 
may result in reducing the over-all cost of a project, or in improved efficiency 
of operation. 


Properly designed and installed concrete can be used with confidence for 
constructing radiation shields. However, good concrete is not obtained by 
chance, but requires sound aggregate, adequate control, and proper methods 
of construction. In general, the best of standard practice is adequate, but 
definitely required, to produce shielding concrete with the specified composition 
and uniformity. Variations from standard practices, such as adding boron 
to the mix, should be approached cautiously. When working with high-density 
concrete, the concrete Jaboratory is an essential part of the design and con- 
struction operation. It can be used effectively for confirming the adequacy of 
raw materials and procedures, and for indicating methods of cost reduction. 


*Presented at the ACI 10th regional meeting, Seattle, Wash., a 5, 1957; also presented at Conference on 
Shielding of High-Energy Accelerators, New York, Apr. 11-13, 1957 Bt. of the conference have been 
issued as TID-7545 by the Technical Information Service E xtension ‘of the Atomic E nergy C ommission, and are 
available at $5.50 from the Office of Technical Services, Department of Commerce, Washington 25, D. C. Title 
No. 54-56 is a part of copyrighted JouRNAL oF THE AMERICAN Concrete INstITUTE, V. 29, No. 11, May 1958, 
Proceedings V. 54. Separate prints are available at 50 cents each. Discussion (copies in triplicate) should reach the 
Institute not later than Aug. 1, 1958. Address P. O. Box 4754, Redford Station, Detroit 19, Mich. 


—* American Concrete Institute, Hanford Atomic Products Operation, General Electric C 0., Richland 
as 
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COMPOSITION AND PROPERTIES OF HIGH-DENSITY CONCRETES 


Special concretes for constructing shielding structures are distinguished 
from conventional concrete by having higher density and/or special composi- 
tions to improve the attenuation of neutrons. In the design of shields for 

absorbing gamma rays, high-density 

TABLE 1—RELAXATION LENGTHS* and minimum cost are of prime im- 


ti portance. In the design of concrete 

Density length, e . . 

Material Aon a gprlcaa shields to attenuate neutrons, suffi- 
cu cm Fast Gamma 


maleate, iene cient material of light atomic weight, 
Water 3 such as hydrogen, should also be in- 


Berellium 85 cluded in the composition. The 


ey: ee 3°: F ability of a shield to absorb gamma 
np ll (218 , energies of 1 to 3 Mev (and also fast 
Rb AN maat neutrons to a limited extent) is almost 
ts 3 proportional to the density of con- 
se 3 5 rh . 
: sone a crete. This fact may be used as a 
Nuclear Reactor Engineering, by 8. Glasstone, 1955, p. rough estimate of the required den- 
_~ A ea sity, thickness, and cost of a partic- 
Os pendent eo ular shield when several types of con- 
crete are being considered. Data on 
attenuation properties of several types of concrete are given in Table 1. In 
using these data, consideration should be given to the radiation sources and 


experimental conditions used in determining the attenuation factors. The 


TABLE 2—MIX DATA FOR 17 HIGH-DENSITY CONCRETES 


Port- 

Con- | Place- | Weight, | Material Aggregatet land ce- Mix Water content, § 
crete | ment* Ib per cost ment,f water, | Ib per cu ft 
cu ft per cu ft Coarse, Fine lb per lb per 

lb per cu ft Ib per cu ft cu ft cu ft ‘Min, Max. 


410 
346 
300 
300 
300 
263 
262 
262 
262 
244 
232 u 
v7 


aad 


999 


219 
Oo 215 
P > 185 
Q ; 154 


40 324 (1) 63 (#1108 
40 270 (1) 44 (M) 

161 (F) 107 (F) 

171 (F) 92 (F) 
67(M) +160(1) 42 (M) 
60(L) +140(1) ! 28 (L) 
100( # 1320S) + 49 ( #330-S) +65(L) 
70(F) +50 (B) 70(F) +35(B) 
67(P) +122(M) 42 (M) 

180 (M) 37 (M) 

110 (M) ) 

168 (B) 

105 (B) 

100 (HI) 
28(L) +122(M) 

76 (L) 92 (L) 

61: (G) 50 (S) 


9 
3 


ae 
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Ow 
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~ 
eo 
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*Placen ment methods: puddled (D), prepacked (P), conventions a 

tHeavy aggregates: steel, iron punc omg or sheared bars (1); Sr) ‘shot (S); ferrophosphorus (F); magnetite 
(M); limonite (L); hydrous iron ore (HI); barite (B); ordinary gr: avel (G); and sand (8). (See Table 8 for physical 
properties of heavy aggregates.) Utah limonite is used in design of Mixes F, G, and O; Michigan limonite in Mix P 

tPortland cement used in all mixes except C in which magnesium-oxyc hloride cement is used. (12.2 Ib per cu ft 
of MgO powder and 19.8 lb per cu ft of MgCl solution.) 

§Maximum water content is water weight when concrete is wet. Minimum water content is amount left after 
drying to constant weight at 85 C. The difference between the maximum water content and the amount of mix 
water is the water of crystallization held by the aggregate. The difference between the minimum water content 
and the water of crystallization in the aggregate is the water retained by the hardened cement paste. 

Nore: 

Intrusion mortars: steel shot grout (S-270) used in Concrete A. Magnetite grout (M-170) used im Concretes 
B, E, I, and J. Limonite grout (L-146) used in Concrete F and O. Barite grout (B-155) used in Concrete L. (See 
Table 7 for grout data.) 

Admixtures: mandatory to use Intrusion Aid or acceptable substitute in prepacked concretes placed by In 
trusion-Prepakt Co. Plastiment may be used to good advantage in conventional concretes. 
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exact water content of the concrete used in neutron attenuation tests is diff- 
cult to determine, and may not be known accurately. 

The optimum density and composition for a concrete shield are influenced 
by: (1) type and intensity of radiation, (2) limitations on shield dimensions or 
space restriction, (3) complexity of placing conditions and shape of forms, 
(4) number and proximity of through-tubes and embedded items, (5) proposed 
construction methods, (6) temperatures and operating conditions, (7) external 
and dead loads, (8) available aggregates, and (9) economy. In general, 


x 
proportioning mixes of high-density concrete does not differ radically from 


conventional concrete; that is, the mix which produces the given quality of 
the hardened concrete at the least cost is usually the most desirable mix. 
However, an engineer must adjust his thinking to allow for increased density, 
the need of uniformity, and the fact that heavy aggregates may cost several 
times as much as the cement. 

Mix data for several types of high-density concrete are given in Table 2.! 
However, prior to specifying proportions or using these mixes in actual shield 
construction, they should be checked and modified, if necessary, by experienced 
technicians. Since local job conditions and aggregates will vary sufficiently 
from job to job, laboratory trial mixes should be made prior to actual con- 
struction. Physical properties of high-density concrete are summarized in 
Table 3. 

The concrete selected for a particular job should be economical and placeable, 
and should have desired uniformity, strength, and durability. It may not be 
necessary for shielding concrete to possess great resistance to wear or washing 
action; howeyer, the concrete should resist the deteriorating effects of nuclear 
radiations and temperature cycling. Experience indicates that the radiation 


TABLE 3—PHYSICAL PROPERTIES OF HIGH-DENSITY CONCRETE 


Grand Limonite Iron- 
Aggregate Coulee Hanford | Limonite magnetite Barite Barite |Magnetite| limonite 


Placement Conven- | Conven- | Conven Pre- Conven- | Pre- Conven- | Pre 
tional tional tional packed tional packed tional packed 

Composition type* Q 4 O M L K! F 
Bags cement per cu yd 5.0 9.0 9.0 6.55 5.1 5.0 7.0 6.5 
Density (lb per cu ft 153 154 185 210 226 230 224 
Source of data,t 

Reference No. 4 5 rt { 6 6 
Compressive strength, } psi 1960 8870 5865 6130 3340 5730 3180 
Modulus of rupture,t psi 630 700 ) 445 630 684 106 
Modulus of elasticity, 

y X 10-*f 4.6 o.{ 4.4 5 1.3 3.7 ‘ 5.4 
Ultimate bond strength,t 


55 
73 


psi ) 1266 
Shrinkage, percent 0.041 0.029 0.029 0.013 
Coefficient of expansion 
in. per in, per deg | 5.5 5 10 10 
Specific heat, Btu per lb 
per deg I 0.23 y. 0.157 0.146 2 0.18 
Conductivity, Btu per 
ft per hr per deg I 1.50 1.20 0.884 0.867 68 2.75 
Diffusivity, sq ft per hr 0.042 0.030 0.025 0.026 0.034 0.056 
Remarks Ordinary |Ordinary (Michigan SG-4.4 Nevada Nevada Michigan 
concrete jconcrete limonite (for mag-  (barite barite limonite 
netite sand 


5.9 


Michigan 
limonite 


*Compositions for these test specimens are similar to those given in Table 2 except for type K! concrete which 
contains 46 1b of limonite sand and 0.6 lb of fixed water per cu ft. 

+The work described in Reference 4 was performed for the Atomic Energy Commission by the Bureau of Reclama- 
tion. The work described in Reference 5 and 6 was performed for the Atomic Energy Commission and the General 
Electric Company by the University of Washington and the Corps of Engineers, U. 8. Army 


f L respectively. 
tThese strength values are for moist cured specimens, 28 days old. 
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TABLE 4—NEUTRON ATTENUATION DATA FOR CONVENTIONAL CONCRETE 


Computed values based upon effective neutron removal cross sections 


Ww/C 


ratio 


Percent 
water 
10 
\ 
6 
4 
2 
l 


0 


Unit weight, 


Relaxation 
lb per cu ft 


B, 
em! length, ct em , 
0.0949 
0.0896 
0.0845§ 
0.0796 
0.0749 
0.0726 
0.0704 


153 

150 

147 

143 

141f 

139 

138 0 
~ *Initial W/C ratio, 0.60 with 6 ‘bags ¢ of portland cer cement per cu yd, 

TC aha d to well cured, moist concrete at about 20 C. 
{Corresponds to concrete dried at about 150° C. 


§u = 0.0884 cm —! reported in ORNL-2193, with a water content of 7.48 percent. 
composition. 


10. 
i: 
fF 
12. 


582* 

427 
.278 

136 
.067 


COO hn 


= 


Ow 


3 
13 
14. 


won 


—90 


See this document for typical 


TABLE 5—ATTENUATION DATA FOR HEATED CONCRETE SLABS 
Preliminary Hanford data submitted Oct. 1, 1956 


Atte >nuation of fi ast neutrons 


Iron- limonite Magnetite-limonite 
concrete 


concrete 


Temperature | 
| I Densit y; 


& per 
cu cm 


Density, 


yu, cem~* g per yu, cm~! 


cu cm 


Initial Poa 
100 C | 4.14 
175 C | 4.04 
320 C 4.03 


0.128 
0.119 
0.103 
0. 099 


| 0.111 
0.098 
0.087 
0.091 


3. 40 
3.33 
3.27 
3.26 


10. 


stability of concrete made with sound materials is adequate for most applica- 
tions. Experiments? demonstrate that concrete will have a life of at least 10 
years in a flux of 10"! neutrons per sq cm. In some applications, high tempera- 
ture, and not radiation damage, is critical. Thus, maximum temperatures in 
the concrete, as well as temperature differentials across the shield, must be kept 
within reasonable limits. A study by J. A. Lane?’ indicates that the maximum 
tolerable heat flux on the inside of a concrete shield is about 100 Btu per hr 
per sq ft, or 2 X 10'! Mev per sq cm per sec. This gives about a 50 F rise in 
the shield. Thermal considerations in the design of concrete shields are 
discussed in more detail by the author in Reference 11. 


WATER CONTENT 


One of the objectives in designing a neutron shield is to provide sufficient 
water and other light elements so as not to impair its effectiveness for slowing 
down fast neutrons. The optimum water content is unknown at present; 
however, it appears that if the water content of concrete is below 4.0 percent 
by weight, neutron shield efficiency is impaired (see Tables 4 and 5). The 
minimum water content is a complex function of the composition of the 
entire shield, and the presence of other light elements, such as oxygen, assists 
in moderating neutrons. 
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Hydrogeneous materials for atten- TABLE 6—EFFECT OF HEATING ON 
WATER RETAINED BY PORTLAND 


uating neutrons can be incorporated 
4 £ ) ( ) corporate CEMENT PASTE* 


into concrete, but only by sacrificing 


Water retained, percent by 


density. Also, such concretes may be weight of portland cement 


Temperature, C — - 
weaker and more costly than those | 1day | 28 day |6 months 


not containing high amounts of hy- 32 9.6 19.0 | 2: 
1.2 14.0 


drogenous materials. Water, an essen- 200 5.0 10.4 
300 0 8.3 


+ ; " —— a 400 9 6.1 0 
tial component of concrete, is present Po . .. ye 


in several states. All the water added — 2.5 wha adel 


initially to a concrete mix does not 119 of Reference 3. "Ell aomeenaen aaa oe 
remain indefinitely; part is fixed or napounie ts 
chemically bound in the hardened cement paste, and part is evaporable. 
Actually, it may take 10 or 20 years for all of the evaporable water to dif- 
fuse through a thick shielding wall at low temperature, and considerably 
less time if exposed to high temperatures. The amount of fixed water held 
by chemical bond is a function of several factors, the main ones being: (1) 
initial water-cement ratio used in the mix; (2) curing history prior to start- 
up of the reactor; (3) surface conditions of the shielding wall; and (4) the 
duration and temperature of exposure since reactor’s start-up. With careful 
curing, the fixed water content of portland cement concrete can be increased 
50 to 100 percent in some cases. Heating tests performed on mortar samples 
have shown that fixed water content is also a function of temperature; the 
higher the temperature the lower the fixed water content (Table 6). 


The fixed water content of concrete can be increased by using: (1) a high 
content of portland cement in the mix, for example 9 to 11 bags per cu yd; 
(2) aggregate such as limonite which contains crystallized water; (3) careful 
curing methods; or (4) special cements such as magnesium oxychloride cement.® 
The amount of water of crystallization held by hydrous ore is also a function 
of temperature as shown in Fig. 1. From this chart, it is seen that limonite 
and goethite are reliable sources of hydrogen as long as the temperature does 


not exceed about 200 C. The amount of ‘‘free’’ or evaporable water contained 


in a concrete shield can be increased by using porous aggregate such as haydite, 


keeping the concrete cool, and sealing the surfaces of the concrete with im- 


permeable membranes, or replenishing the “‘free’’ water. 


GROUTS AND MORTARS 


Various grouts and mortars have been developed and used in the construction 
of reactor shields. Data on several types of grout are presented in Table 7. 
The grouts contain about 1.5 percent by weight of an intrusion aid to improve 
pumpability and control shrinkage. It is not recommended that metallic 
grout be pumped into the large masses of aggregate. (Grout S-250 is more 
easily pumped than grout 8-270.) The grouts listed can be used in the pre- 
packed process for constructing large shields, and for filling around sleeves, 
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Fig. 1—Average values of 
fixed water content for heavy 
aggregates 
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or for constructing shielding plugs. The mortars can be used in the last two 
cases. A mortar developed at Argonne National Laboratory consists of 1 lb 
ferroboron, 2 lb sand, and 1 lb mortar cement, with a water-cement ratio of 
about 0.44. This mortar is suitable for spray or trowel application. In general, 
mortar is a concrete made with fine aggregate only, and is stiffer than grout. 


AGGREGATE SELECTION 


Presented in Tables 8 and 9 are data on heavy aggregates. Of around 60 
minerals with specific gravity greater than 3.5, about ten are commercially 
available. Of these, barite, magnetite, ilmenite, limonite, and goethite are 
most suitable. Others such as hematite, taconite, arsenophrite, chromite, 
psilomelane, and galena are of interest but have not been widely used. Ferro- 
phosphorus, a by-product obtained during the manufacture of phosphorus, has 
been also used successfully. Ferrosilicon may be of interest. However, when 
considering the use of heavy slags.and smelter by-products, it is advisable to 
determine in advance whether or not they produce good concrete. Some of 
these by-products appear sound upon visual inspection, but when used in 
concrete they soften or disintegrate. Also available are steel and iron ag- 
gregates in the form of shot, punching, scrap, sheared bars, and special shapes. 

In determining which aggregate to use, consideration should be given to 
availability of aggregates locally, their physical properties, and cost. Initial 
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procurement costs, freight charges, and additional processing costs at the site 
should be evaluated for each aggregate being considered. In general, heavy 
aggregates should be clean, strong, inert, and relatively free of deleterious 
materials which might impair the strength of concrete. Ordinarily, it is 
desirable to utilize the heaviest aggregate that is locally available; otherwise 
transportation costs may be excessively high. Since an excellent source of 
barite (barytes) is located within 20 miles of Oak Ridge National Laboratory, 
this heavy aggregate has been used extensively in shielding structures there. 
On the other hand, magnetite of greater density can usually be obtained in the 
western part of the United States at less cost than can barite. Limonite ore 
suitable for processing as coarse aggregate is not readily available in most 
sections of the United States. 

Data in Table 2 indicate that concrete weighing from 200 to about 245 lb per 
cu ft can be obtained using natural heavy aggregates. Therefore, expensive 


TABLE 7—INGREDIENTS OF HEAVY GROUT MIXTURES 


Sand-cement ratio Water- Unit weight 
Type Grout sand cement ratio | wet, lb per 
, By weight By volume by weight cu ft 


S-270 #110 steel shot 3.75 58 0.3: 270 
8-250 #110 steel shot 3.30 39 0.3: 250 
M-170 Magnetite 3 04 0.5! 170 
B-155 Barite 8) 10 0.! 155 
L-146 Limonite 28 09 0.5: 146 


NOTE: 

Based upon weight of portland cement, 1.5 percent intrusion aid used in each grout 

Each of the above grouts is pumpable; however, it is not recommended to pump the metallic grouts into largé 
masses of compacted aggregates. Grout S-250 may be pumped more easily than Grout S-270 designed for use in the 
“puddling” method. 

Grout sands processed from heavy ores should have a fineness modulus of 1.0 to 1.5; the heavier the sand the 
finer it must be to stay in suspension. Sands having 20 to 40 percent finer than the No. 200 screen may be used if 
tensile strength under elevated temperatures is not important. 


TABLE 8—PHYSICAL PROPERTIES AND COST DATA FOR HEAVY AGGREGATES* 


Specific gravity, 
saturated surface- | Percent by weight | Dollars per short ton 
dry 


Heavy aggregate Source Primary iden- 
tification Coarse Fine Fixed FOB Processed 
pieces sand Iron water source at jobt 


Limonite Michigan 2FeO;.3H0 3.7 3.5 5s ( 10 
Goethite Utah FeO;.H0 3.4! 3.7 55 2 10 


Magnetite Nevada Fe;04, ete. } ' } 20 
Magnetite Montana Hydrous iront 3 —§ i8 


Barite Tennessee 92 percent 2 22~30 
BaSO, 

Barite Nevada 90 percent 28 : ( 30-40 
BaSO, 


Ferrophosphorus Tennessee, FesP, FeoP, 
Missouri, and FeP 
Montana 


Steel aggregate Punchings Sheared bars 


Steel shot Chilled SAE standard 7.50 

*These aggregates are representative of some of the be st which can be obtained commercially. 

+This ore is primarily magnetite, with some hematite (Fe2Os) and limonite. 

TGrout sand will cost about $50, $40, and $30 me ton for limonite, barite, and magnetite, respectively. Values 
lor processed aggregates include $10 per ton for freight. 
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TABLE 9—AVERAGE VALUES OF ABSORPTION FACTORS 
FOR CONCRETE AGGREGATES 


Absorption, sq em per g 


: Chemical Specific s : 
Material composition gravity Fast Gamma rays 
- neutrons* (3 Mev) 
Alumina Al.O; 3.6 0.0330 0.0365 
Barite BaSO, 4.3 0.0236 0.0363 
Ferrophosphorus FeaP 6.4 0.0230 0.0359 
Goethitet Fe.,0;-H.O 3.7 0.0372 0.0362 
Iron Fe 7.8 0.0214 0.0359 
Lead Pb 11.3 0.0103 0.0413 
Lime CaO 3.1 0.0285 0.0372 
Limestone CaCO; 2.7 0.0327 0.0368 
Marble CaCO; 2.7 0.0327 0.0368 
Magnetite Fe;O, 4.6 0.0258 0.0359 
Quartz SiO, 2.6 0.0328 0.0362 
Water H.O 1.0 0.10-0. 134 0.0396 
*Computed values using relationship: 0.0852 A~'!/* sq em per g for elements having atomic weight A, except for 


measured values given in Reference 10. 
tLimonite having 10 percent water by weight. 


aggregates such as ferrophosphorus and iron punchings should be considered 
only when it is necessary to obtain concrete weighing over 250 lb per cu ft. 
Densities as high as 425 lb per cu ft can be produced using steel punchings and 
iron shot. Limonite or goethite may be used in combination with steel punch- 
ings, and shot, or in combination with magnetite, in order to increase the 
fixed water content of the resulting concrete. 


USE OF BORON IN CONCRETE 


Boron compounds may be added to concrete to increase the probability of 
neutron capture without producing secondary gamma rays of high energy. 
Only small amounts of boron can be used due to its deleterious effects on 
strength and delay in set. The barite-boron concrete developed at Oak Ridge 
National Laboratory weighs about 200 lb per cu ft and contains from 0.2 to 1.0 
percent boron by weight. Due to the high cost of boron, and the limited im- 
provement in the attenuation properties caused by adding small amounts of 
boron to concrete, it is difficult to justify using boron except for special applica- 
tions. If boron is required, it may be more desirable to use boral sheets or to 
apply a layer of boron mortar to the inside face of a shielding wall instead of 
adding boron to the concrete. 


Of the available boron compounds, colemanite, boron frits, and ferroboron 
are of most interest for use in concrete. If colemanite is used, it should be 
added in the form of coarse sand and not powder. Concrete made with boron 
frits (formed by fritting borax with silica) will cost more, contain less water 
for the same boron content, but will be easier to formulate and cure. 

Accelerators or high-alumina portland cement have been used so that concrete 


containing boron compounds will harden. In some cases, it is necessary to 
keep the concrete covered with water for several weeks. 
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PLACEMENT METHODS 


Careful consideration should be given to placement methods in the design 
and construction of a high-density concrete shield. Consideration should be 
given to factors such as aggregates, density, composition of mix, quantity of 
concrete required, available equipment, complexity of forms, type and number 
of embedded items, placing conditions, and experience of workmen. 


Conventional methods 

In general, when the concrete does not contain pieces of steel as coarse ag- 
gregate, it can be mixed and placed successfully by conventional methods in 
which the aggregates, cement, and water are mixed together and then placed in 
the forms. Special equipment is not required; however, care should be taken 
to prevent overloading the mixer, and segregation of aggregates within the mix. 
Standard methods and equipment should be used when possible. Vibration 
during placement is beneficial but must be used with discretion. Ordinarily, 
conventional methods for placing concrete will be cheaper; therefore, when 
natural heavy aggregates are used and the forms are relatively free of embedded 
items, there will be little incentive to use the special methods described below. 


Pumping methods 

Conventionally mixed concrete made with heavy aggregates can be pumped 
from the mixer to the forms through specially constructed pipe lines. Special! 
mixing and pumping equipment is available for pumping concrete of normal 
density. If allowance is made for increased density, this equipment can be 
used also to pump concrete made with dense natural aggregates. However, 
the pumping of concrete containing coarse steel aggregate is not recommended 
since pieces of steel tend to segregate or lodge in the pump or in the equipment. 
Usually, the maximum density that can be obtained by this method is con- 


siderably less than for concrete placed by other methods. Heavy grouts or 


mortars containing steel shot, fine ferrophosphorus, and fine sands of barite, 
magnetite, or limonite can be pumped satisfactorily. 
Prepacked method 

In the prepacked method coarse aggregates are placed in the forms and the 
interstices are later filled with a special grout. Several advantages over 
conventional methods for placing concrete under certain conditions are: 

1. Segregation of coarse aggregates, especially steel punchings, can be minimized. 

2. Concrete of uniform density and composition can be placed more easily in confined 
areas and around embedded items. 

3. For similar materials, greater density and homogeneity can be obtained more 
consistently than by other methods. 

Another advantage of the prepacked method is that several types of material 
can be used together as coarse aggregates, for example: magnetite and limonite, 
limonite and steel punchings, or magnetite and steel punchings. These combi- 
nations can be blended accurately and efficiently with commercial equipment 
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adapted to the particular job. In placing coarse aggregate in the forms, the 
type of coarse aggregate can be changed from area to area so that the best 
shielding material will be where it will do the most good. Three types of high- 
density concrete were placed in the Naval Research Reactor. On another job, 
a half-million dollars was saved by replacing steel punchings with magnetite in 
shield areas where the higher density was not required. 

In general, the prepacked method assures that the heavy aggregate distribu- 
tion is uniform throughout the shield and that no large air voids exist. How- 
ever, there are also certain disadvantages of the prepacked method, namely: 
only a few companies are experienced in this type of construction; construction 
joints are difficult to execute and may present planes of weakness; and finishing 
the top of a large concrete area is more difficult and expensive. Placement 
costs will generally be somewhat greater for the prepacked method than for 
conventional methods. 


Puddling methods 

Another special method for placing high-density concrete consists of putting 
several inches of mortar in the form first and then covering the mortar with a 
layer of coarse metallic aggregate. The coarse aggregate is puddled into place 
by rodding or internal vibration. This method has several advantages, 
depending upon job conditions; one advantage is that the steel aggregate is not 
passed through the mixer. Adequate control measures are required to obtain 
the required density consistently throughout the wall. Pieces of steel ag- 
gregate cannot be moved horizontally to any great extent once they are lodged 
in the mortar. Thus it is often difficult to work aggregate beneath block-outs in 
the shield or around embedded items. 


FORMWORK 


Forms for concrete shields may be removable or permanent. For concrete 
shields that do not require close tolerance in alignment or do not contain 
numerous embedded items, removable forms can be relatively simple and 
inexpensive. Form costs will generally increase with the number of embedded 
items, close tolerances, density of the concrete, and complexity of shield 
construction. When a metal shield enclosure is required for other reasons, 
permanent forms of steel or aluminum may be used. Metal forms can be 

prefabricated or constructed entirely 

TABLE 10O—CONCRETE FORMWORK* in place. If only a thin surface plate 
eo ee ~Ct”~*é“‘RMS Qt, it may be cheaper to use 
removable wood forms, and {then 
attach the steel surface plate to the 


Item Cost 


Wood forming 


150 lb per cu ft concrete | 


$1.50 per sq ft 


300 Ib per cu ft concrete | $3.00 per sq ft hardened concrete. Relative cost 
Steel forming . age — ‘ <—eie 

oF in anak plate EC ee ee figures are given in Table 10 for ‘dif 
Welding | Plate ferent types of concrete forms. As 

Cc 

¥4-in, plate including —_|_ $3.00 per linear ft shown in Table 11, the cost of elabo- 

cleaning and clamping ’ 


PENRO ANE “ARE Ie ___..... rate steel forms may be greater than 
ou Niteat from E. E. Hamer, Ar the high-density concrete. 
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TABLE 11—TYPICAL CONSTRUCTION COSTS FOR CONCRETE SHIELDS 


Forms, Concrete, - 
Type of dollars per | dollars per | Total cost, 


Concrete Type* x , 
vt formst cu yd eu yd cents per lb 


Ordinary structure Removable wood 15 25 
Ordinary shielding Q Removable wood 60 10 
High-density K or N Removable wood 100 120 
High-density O Permanent steel 300 250 9: 
High-density F Permanent steel 600 500 15.! 

*See Table 2 for a description of these concretes. 

tThe complexity of the formwork is assumed to increase as indicated by the corresponding cost figures. The 
increase in the cost of removable wood forms is related to the density of the concrete and the number and type of 
embedded items. Cost of permanent steel forms will also be greater for intricate design. In the bottom example 
numerous tubes are located in a close lattice arrangement, typical of a charging face for a reactor. Removable 
wood forms can be used for ahy type of high-density concrete if the design permits 


Dimensional tolerances 


For some types of reactor shields, close tolerances must be maintained in the 
alignment of tubes and equipment which penetrate the shield. Plywood forms 
with oversize holes can be aligned in the field to 1/32-in. tolerance using a 
transit. Portable steel jigs can be used in conjunction with plywood forms. 
However, a tolerance of plus or minus 1/16 in. is more reasonable. By using 
permanent steel forms with drilled holes, numerous tubes can be located to 
within 1/64 in. 


Permanent steel forms may be required to support structural loads during 
and after construction, provide additional shielding, protect the concrete, act 
as a gas barrier, and provide a means for attaching equipment to the shield. 
However, permanent steel forms are expensive and their use should be con- 
sidered carefully. Likewise, tolerances required for the work should be ques- 
tioned and values specified which can be obtained with reasonable cost and 
effort in the field. Relaxation of close dimensional tolerances for the construc- 
tion of shielding structures will result in substantial cost savings. Simplicity 
of shield design and construction should be sought to reduce costs and improve 
the over-all plant design. 


CONCRETE BLOCK USED FOR SHIELDS 


High-density concrete can be prefabricated into block of different shapes 
and sizes. Various types can be purchased directly from certain vendors. In 
general, the density of small blocks will be somewhat less than for large blocks 
made with the same aggregate since smaller pieces of aggregate are required 
for the smaller blocks. Dimensional tolerances are also important. The %-in. 
variation common to concrete blocks is acceptable for 6 x 6 x 12-in. block since 
the length-thickness ratio for a crack is at least 48. For smaller block, cracks 
between adjacent bricks become appreciable so that dimensional tolerances 
should be 1/16 or 1/32 in. Mortar is recommended for constructing shields 
made with the smaller sizes of concrete block. Mortar of greater than normal 
density can be obtained by using magnetite or barite sand. If mortar is not 
desired, the wall should be made about 10 percent thicker than a solid wall. 
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Attention should be given to alternating and staggering courses so that 
cracks between bricks will not line up. However, the size of brick that can be 
handled by a workman is limited by weight and, there is a limit on the safe 
height-width ratio for a free-standing block wall. A heavy concrete block wall 
is usually more expensive than a monolithic structure of cast-in-place concrete. 
Therefore, the use of block made with high-density concrete is usually limited to 
special applications where movable sections are desired; for example, a tem- 
porary shield in a tunnel where occasional access is required. 

Larger blocks weighing several tons, and handled by heavy equipment, can 
also be prefabricated to desired dimensional tolerances by any one of the 
methods described above, and cured carefully. Such large prefabricated blocks 
can be used as removable sections of a large shield, if desired. They will cost 
more than monolithic concrete shields. 


SHIELD COST SUMMARY 


It is difficult to estimate exactly what a radiation shield will cost; the data 
presented herein are offered with reservation and must be modified to meet 
local conditions. Table 8 gives procurement costs for heavy aggregates. 
Material costs for ingredients in various types of high-density concrete are 
included in Table 2. To these material costs must be added the cost of forms, 
manpower and equipment costs required to mix and place the concrete, and 
construction and administrative overheads. On one job using elaborate steel 
forms, the cost breakdown was as follows: 16 percent for form fabrication; 
20 percent for materials other than heavy aggregate; 30 percent for labor at the 
construction site; 12 percent for equipment usage; 15 percent for steel ag- 
gregate; and 7 percent for magnetite and limonite aggregate. In this shield, 
limonite and magnetite occupied over 50 percent of the concrete volume. 


Cost data indicate that the greatest potential cost savings are in simplifying 


formwork, reducing labor at the site, and in using natural aggregates instead 
of more expensive metallic aggregate. 

Table 11 shows typical cost data for different types of concrete shielding 
structures. These are direct construction costs based primarily upon costs 
for reactor shields. To obtain an indication of the dotal cost for a given shield, 
the figures in Table 11 should be increased about 20 to 35 percent to allow for 
project overheads. Note that by using iron or steel aggregates, concrete 
densities from 240 to 425 lb per cu ft can be obtained at a material cost of 2 to 6 
cents per pound. Also, neutron shields will cost substantially more than 
gamma ray shields which do not require a high content of “fixed” water. 
However, concrete of such high density can be justified economically only 
when it is essential to minimize wall thicknesses. In locations where barite 
or magnetite is available at 1 to 1.5 cents per |b, high-density concrete weighing 
around 220 |b per cu ft is usually a judicious choice. 

On the other hand, if space is not at a premium and shielding walls can be 
8 or 10 ft thick, then conventional concrete weighing around 150 |b per cu ft 
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nay be the logical choice. In some cases, natural earth and bedrock can be 


utilized effectively. To get the best shield design for a given project, a careful 
cost study of several layouts and building arrangements is recommended. 
The data in this paper will assist the engineer in performing these studies and 


in arriving at a feasible and economical shield design. 
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Title No. 54-57 


Tests of Full-Sized Prestressed Concrete 
Bridge Beams 


By INGE LYSEt 
SYNOPSIS 


Two full-sized prestressed concrete beams, identical with those made for 
Mandal Bridge in Norway, were tested to failure. The elastic and plastic de- 
formations of the concrete due to prestressing and the shrinkage due to the 
drying of the concrete were observed. The load at first cracking agreed well 
with the computed value, and the strains measured in the beams agreed fairly 
well with the computed stresses. The load at failure corresponded with the 
load computed on the basis of the so-called “simplified theory.” 


INTRODUCTION 

Fig. 1 shows span dimensions and general layout for the Mandal Bridge in 
south Norway. The bridge consists of six equal spans of 50.85 ft (15.5 m) and 
a main span of 68.90 ft (21.0 m). There are six prestressed concrete beams for 
each span. 

To investigate the behavior of full-sized bridge beams, the Bridge Section of 
the Norwegian Highway Department requested the Concrete Laboratory of 
Norway’s Institute of Technology to assist in carrying out tests to destruction 
of two of the prestressed concrete beams. 


MATERIALS 

The prestressing wire, Neptunstah! type from Germany, has a rectangular 
cross section with nominal dimensions of 3 x 6 mm (0.118 x 0.236 in.) with 
small deformations and twisted about its axis. Because of this twisting it was 
suspected that a certain amount of internal stresses might be present, and that 
these might effect the stress-strain relationship as well as the elongation at 
failure. Actually, little effect was noted in the stress-strain relationship while 
the elongation at failure was only about 2 percent measured on a gage length 
of 3.28 ft (1.0 m). The average modulus of elasticity of the wires was found 
to be 29,400,000 psi, yield point about 190,000 psi, and ultimate strength about 
234,000 psi. There was a surprisingly large variation in the ultimate strength 
of the wires. A total of 126 wires were tested and gave a maximum variation 
of about + 13 percent. With such a large variation in the wires used for pre- 
stressing it would be expected that the ultimate load of the beams would vary 
considerably. 

*Received by the Institute May 6, 1957. Title No. 54-57 is a part of copyrighted JourRNAL or THE AMERICAN 
Concrete Institute, V. 29, No. 11, May 1958, Proceedings V. 54. Separate prints are available at 50 cents each 
Discussion (copies in triplicate) should reach the Institute not later than Aug. 1, 1958. Address P. O. Box 4754 
Redford Station, Detroit 19, Mich. 


+tMember American Concrete Institute, Professor of Reinforced Concrete and Director of the Concrete Lab 
oratory, Norway's Institute of Technology, Trondheim, Norway. 
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Fig. 1—Prestressed concrete bridge at Mandal, Norway 


High-early-strength cement was used in the concrete for the beams. Eleven 
days of moist curing was considered sufficient for the concrete before the pre- 
tensioned wires were cut. At this age the average strength of the concrete as 
measured on 6 x 12-in. cylinders was about 5700 psi (400 kg per sq cm). The 
two test beams were cured in air for another 40 days before the top slab was 
cast. Fig. 1 shows the beam before the top slab was cast and Fig. 2 the details 
of the beam with the top slab. 

The beams were given another 11 days of moist curing after casting the top 
slab and then remained in the air of the production plant until they reached 
the age of 92 days when they were tested to failure. The concrete control 
specimens showed little increase in strength between the ages of 11 and 92 days. 
The secant modulus of elasticity of the concrete was determined on 6 x 12-in. 
cylinders and averaged 3,500,000 psi. 


PRESTRESSED CONCRETE BEAMS 


The design of the beams used in the bridge is shown in Fig. | and 2. The 
beams were 53.47 ft long, 4.59 ft deep, and the top slab was 0.66 . thick. They 
were cast and prestressed at the bridge site. The top section of the beam itself 
is of a stepped-off shape as shown in Fig. 1. This was done to provide proper 
resistance to the horizontal shearing stresses along the juncture of the beam 
and the slab. These stresses are of particular importance in the region of the 
supports. The beams were of rectangular cross section in the regions of the 
supports, while the major part of the beams consisted of an I-section (Fig. 2 
In addition to the prestressing wires a considerable amount of ordinary Ad 
forcing bars were placed in the beam as well as in the top slab. The thickness 
of the slab corresponded to the thickness of the bridge slab and was 7.9 in. 
The slab was not prestressed. 
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Fig. 2—Cross section of test ii 
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The wires for the beams were pretensioned in a fixture consisting of heavy 
structural steel sections with rigid end arrangements. Tensioning was done by 
jacks and both the elongation of wires and the oil pressure in the jacks were 
measured. To secure as even a stress as possible in the 60 wires used in each 
beam the wires were tensioned in two steps. The wires were tensioned to a 
stress of 120,000 psi, which corresponded to 63 percent of the yield point stress. 
The total prestressing force of the 60 wires was therefore about: 


F = 120,000 X 0.0278 X 60 = 200,000 Ib 


This load would give a maximum compressive stress at the bottom of the 
beam of about 1065 psi and a tensile stress at the top of the beam of 285 psi. 
As the load was transferred to the concrete at the time of cutting the wires an 
elastic deformation resulted. During the 81 days between the cutting of the 
wires and the testing of the beams shrinkage and creep added to the deformation. 

To investigate the amount of shrinkage during this period special concrete 
slabs were made. Observations of these slabs indicated a shrinkage of about 
0.0072 percent during the 81 days. 

Strain gage measurements on the prestressed wires showed a decrease in the 
strain of about 6 percent, indicating that the creep was about twice as large as 
the observed shrinkage. 


TESTING ARRANGEMENT 


The testing arrangement is shown in Fig. 3. Two steel beams were used as 
the loading base. At the supports, tie bars transmitted the load from the 
concrete beam to the steel beams; at 11.75 ft from each support, oil jacks 
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Fig. 3—Testing arrangement 


applied the load to the test beam. By this two-point loading arrangement the 
shear in the test beam became relatively large as compared with the moment. 


Oil pressure in the loading jacks was measured by two manometers which 
had been calibrated before the testing and which were recalibrated as soon as 
the tests were completed. An extensive investigation of deformations and 
deflections was made of the beams during the loading tests. The strains in the 
prestressing wires were observed by means of Philips GM 4473 strain gages, 
which are similar to the Baldwin SR-4 strain gages. The strain gages were 
glued to the twisted wires, but since this was a difficult procedure some of the 
gages gave erratic results. 

Deformations in the concrete were observed by means of ordinary exten- 
someters of 8 in. gage length. The results were very satisfactory. 

The center deflections of the beams were measured by accurate level 
observations. 


CRACKING OF THE CONCRETE 


The compressive stress in the concrete at the bottom of the beams was 
calculated to be about 1065 psi at the time of cutting the pretensioned wires. 
Because of shrinkage and creep during the time between the cutting of the 
pretensioned wires and the loading of the test beams a stress reduction of about 
175 psi resulted. The actual compressive stress in the concrete at the time of 
test was therefore about 890 psi. During the testing the compressive stress 
in the concrete at the bottom of the beam decreased and reached zero at an 
external moment of 780,000 ft-lb. With increased loading the tensile stress in 
the concrete increased and at an external moment of about 1,300,000 ft-lb the 
strain measurement as well as the discontinuity in observed center deflection 
indicated that the first cracking occurred in the concrete. Visual inspection 
also showed that very fine vertical cracks appeared at the center portion of the 
beams. The cracks extended from the bottom of the beam into the stem of 
the beam. 

At the time of cracking the maximum tensile stress in the concrete at the 
bottom of the beams was computed to be about 600 psi. The computation 
was made on the assumption of uncracked transformed section: ¢ = (M/I)ec. 
As the compressive strength of the concrete was about 5700 psi at the time of 
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Fig. 4—Center deflections of 
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test, the tensile stress of 600 psi at time of cracking seems reasonable. [If com- 
puted by ACI-ASCE Committee 323 method,* f,) = 7.5vf.’ = 7.5V5700 = 
565 psi (about 6 percent lower).} 


The amount of cracking of the concrete increased as the load increased so 
that near the ultimate load the cracking pattern covered the whole stem of 
the beams. The directions of the cracks followed closely the directions of the 
principal stresses computed for the various sections of the beams. 


Fig. 4 shows the center deflections of the two beams during testing. Up to 
the load at which cracking of the concrete took place the deflections were nearly 
the same for the two beams. In Beam 1 a loud report was noted at the cracking 
load indicating that one or more of the 60 prestressed wires might have ruptures. 
At higher loads the center deflections of Beam 1 were considerably greater than 
for Beam 2. 


FAILURE OF BEAMS 


The beams failed by rupture of the prestressed wires. The cracks in the 
beams extended into the top slabs as the loading approached the ultimate 
values. Beam 1 ruptured at a moment of about 1,910,000 ft-lb and Beam 2 
at a moment of about 2,036,000 ft-lb. 


Using the Suenson methodf of computing the failure of ordinary reinforced 
concrete beams (where the yielding of the reinforcement is reached before the 
compressive stress in the concrete reaches the ultimate strength) we have, 

*ACI-ASCE Committee 323, “Tentative Recommendations for Prestressed Concrete,”’ Section 207.3.3, ACI 
JournaL, Jan. 1958, Proc. V. 54, p. 555. 


+Suenson, E., ‘‘Jaernprocentens Indflydelse paa Jaernbetonpladers Baereevne,"’ Ingenigren (Copenhagen), V. 21 
1912, p. 568. 
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when assuming full development of the tensile strength of the prestressed wires: 


where: 
 - tensile strength of the 60 wires 
h, distance from top of slab to center of gravity of prestressed wires 
Z, compressive strength of the concrete 
b width of top slab = 5.91 ft 


The center of gravity of the prestressed wires was 0.65 ft from the bottom of 
the beams. Consequently: h, = 5.25 — 0.65 = 4.60 ft. 

Assuming full ultimate strength of all wires at the time of failure we get: 
7, = 234,000 X 0.0278 X 60 = 390,000 Ib 


This should give an ultimate moment of: 


390,000 : 
ae os > = 390,000 (4.60 — 0.04) = 1,780,000 ft-lb 
2 X 5700 X 5.91 X 122 


390,000 (+00 — 


The method of calculating ultimate strength of bonded prestressed concrete 
members given by ACI-ASCE Committee 323 in its 1958 method* for a sec- 
tion of the type used in the beams is: 


MN. «- £6. 411 —--~-2 
kiks fe 


or this may also be written as 


» p 7 
M, = A.f.d\ 1 — 0.60 ~ 


For the test beams we have: 


M, = 1.668 X 234,000 X 1.00 (1 — 0.60 - pera 


1.668 X 234,000 
144 X 27.186 X 5700 


= 1,790,000 (1 — 0.01) = 1,772,000 ft-lb 


which is practically the same as by the Suenson method. 

The observed moments at failure were 1,910,000 and 2,036,000 ft-lb, respec- 
tively, for the two beams, indicating that at the section of failure the total 
strength of the wires was 7.3 and 14.4 percent greater than the sum of the 
average strengths of the wires tested. With the considerable variation found 


*ACI-ASCE Committee 323, ‘‘Tentative Recommendations for Prestressed Concrete,"’ Section 209.2.1 (a), ACI 
Journa. Jan. 1958. Proc. V. 54, p. 558. 
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in the wires tested in lengths of 27 in., the agreement between calculated and 
observed ultimate moments must be considered very good. 


CONCLUSIONS 


The following conclusions may be made on the basis of the observed results. 

1. The bridge beams were manufactured satisfactorily at the construction 
site. 

2. The wires used for prestressing showed considerable variation in ultimate 
strengths. 

3. The effect of the shrinkage and creep of the concrete between the time of 
cutting the pretensioned wires and the testing to failure of the beams (81 days) 
was small, only about a 6 percent decrease in prestressing. 


4. Proposed methods of predicting cracking load and ultimate load in the 
ACI-ASCE Committee 323 recommendations gave satisfactory, slightly 


conservative results. 
5. Composite action between precast and cast-in-place elements in the actual 
bridge is performing as designed. 


Discussion of this paper should reach ACI headquarters in triplicate 
by Aug. 1, 1958, for publication in the Part 2, December 1958 JourNat. 








Title No. 54-58 


Concept of Elastic Parameters” 


By VALERIAN LEONTOVICHT 


SYNOPSIS 


The concept of elastic parameters, defining mathematical relations between 
elastic properties of the member and its elastic parameters, is presented. It is 
further shown that integration of the concept into the elastic-center method 
substantially shortens and simplifies analysis of frames and arches of variable 
cross section. So that the concept and its application may be fully appreciated, 
a number of examples are presented. 


INTRODUCTION 


The concept of elastic parameters is introduced in this paper as a new 
interpretation and extension of the moment-area principles. It is shown that 
various elastic properties of straight and curved nonprismatic members may 
be directly expressed in terms of defined elastic constants, as parameters 
and a dimensional multiplier. 


The concept of elastic parameters has wide practical application. It offers 
immediate and simple solutions to many hitherto complicated problems. 
Among its diverse applications, the integration of the concept into the elastic- 
center method for frames and arches of variable cross section may be con- 
sidered a major practical application. Therefore, this paper centers primarily 
on the explicit presentation of the concept of elastic parameters and its inte- 
gration into the elastic-center method. 


The elastic-center method has the advantages of being a direct method of 
solution and of being uninvolved in its application. Its extreme utility has 
been demonstrated in application to the analysis of frames suffering “body 
swing” under load. The great disadvantage of the elastic-center method is 
that it is inherently time consuming and tedious. Examination of a simple 
example will demonstrate this. 


Consider a frame with nonprismatic members, which is symmetrical about 
its vertical center line. Analysis by the elastic-center method would follow 
the four-step procedure outlined on the following page. 


*Received by the Institute June 19, 1956. Title No. 54-58is a part of copyrighted JournaL or THE AMERICAN 
Concrete Institute, V. 29, No. 11, May 1958, Proceedings V. 54. Separate prints are available at 60 eents each. 
Discussion (copies in triplicate) should reach the Institute not later than Aug. 1, 1958. Address P. O. Box 4754, 
Redford Station, Detroit 19, Mich. 

tMember American Concrete Institute, Senior Engineer, International Engineering Co., Inc., San Francisco, Calif. 
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The elastic center of the structure is obtained from the familiar equation 


y’ ds 
EI 
ds 
EI 


Both numerator and denominator of the expression must be evaluated by semigraphical 
integration. 

2. The moments of inertia of the elastic weight of the frame are obtained about the prin- 
cipal axes. Again semigraphical] integration is required for evaluation of the following: 


ds 
El 


El 


3. The moments of the area of the M/E/ diagram about the principal axes of the frame 
are determined. This step also requires a semigraphical procedure. 


4. Statically indeterminate forces may then be calculated by established formulas. 


Each step involving semigraphical integration requires that the members 
of the frame be subdivided into elements and that calculations be carried 
out upon each element. The major portion of time and labor expended in 
analysis by the elastic center method is presently consumed in obtaining 
elastic properties of the frame by this method. 

This paper will conclusively demonstrate that, through the use of the con- 
cept of elastic parameters, the analysis of statically indeterminate frames with 
straight or curved nonprismatic members may be accomplished in substan- 
tially the same manner as that of frames containing prismatic members alone. 


SIGN CONVENTIONS AND NOTATION 


The familiar sign convention is used; that is, moments producing com- 
pression in the upper fibers are denoted as positive, and those producing 
tension in upper fibers are denoted as negative. Moment diagrams are always 
drawn on the tension side of the member. 


The sign convention for angular rotation of a member’s axis is coordinated 
with the bending moment convention. Accordingly, the direction of angular 
rotation is considered positive when it coincides with the moment’s positive 


direction. 

The axis of a straight member of variable cross section is assumed in this 
paper as the line parallel to the straight edge of the member, and passing 
through the center of gravity of the smallest cross section. 
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In addition, it should be noted that the term elastic weight of the member is 
extensively used in this development, and means the fictitious mass repre- 


sented by J ds EI, when the integration is extended over the entire length of the 


member. 


Notation 
The letter symbols introduced in this paper are defined where they first 


appear, in the text or illustration. The important symbols are: 


length of straight line con- 
- elastic parameters of mem- necting terminal points of 
ber (n (n+ 1 member’s axis; also span of 


; frame or arch 
elastic parameters of curved 


member 

angle of the slope of the 
member's axis 

elastic constant 

modulus of elasticity 

rise of an arched member 

= statically indeterminate 


Sand T 


quantity 


bending moment 

static bending moment at an 
arbitrary section 

load constant of straight 
number 


length of the member’s axis 


= load constants of curved 


member 


moment of inertia 


reference moment of inertia load constant of curved 


of member (/ of member’s member; also energy of flex- 


minimum cross section ) ural deformation 


V and Z statically indeterminate 


= projected length of member’s 


axis on X-axis quantities 


ELASTIC PARAMETERS 


To facilitate analysis of structures with members of variable cross section, 
the use of elastic constants has been introduced elsewhere for certain methods. 
For straight members there are available many comprehensive tables and 
charts expressing these constants in various systems. Each system of con- 
stants is originally developed to accommodate and to serve a particular 
method of analysis. The utility of certain elastic constants is, however, far 
beyond the scope of their original objectives. 

Among the various systems expressing shape characteristics and load con- 
stants for members of variable cross section, the one featuring angular de- 
formations of the simply supported member is perhaps the most fundamental 
and promising. This paper demonstrates that physical properties of the 
straight or curved member of variable cross section may be precisely and 
simply defined through the use of the constants of this system. Some prop- 
erties of a member are expressed by individual elastic constants, other ex- 
pressed as functions of two or three constants. These constants are herein 
termed elastic parameters, since they may be used parametrically in defining 
the elastic properties of the member. The relations thereby expressed are 


compiled as the concept of elastic parameters. 
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Before the physical interpretation of the elastic parameters is given and 
its significance emphasized, the manner of their derivation and definition 
should be first explained. 

Elastic parameters may be derived from angles of rotation of the ends of a 
simply supported member when the latter is subjected to the action of an 
applied moment.* In the following derivations, the in.-lb dimensional system 
is employed. 

Referring to Fig. 1, and the general member 1-2, oriented as shown in the 
X-Y Cartesian coordinate system, the angles of rotation a°,. and 8%, of the 
left and right ends of the member, respectively, due to a 1 lb-in. moment 
applied at the left end may be expressed as follows: 


. ‘ (K — zx)? ds 
(1 lb-in.) — — 
9 EIK? 
4 (K — 1s 
(1 lb-in.) ——— — 
0 EIK?* 


where s denotes the length of the member along its axis, and ds is the differ- 
ential of the stated length. 


Introducing a reference moment of inertia 7,, which is taken as the J of 
the minimum cross section, and recognizing K, F, and J, as constants, both 
parts of Eq. (4) may be rewritten in terms of dz as follows: 


1 ” _ 1,(K — 2)? dz 
= —— (1 Ib-in.) — - - 
EI,K? J o I cos ¢ 


1 z . I.(K — 2)x dx 
so (1 Ib-in.) — = - 
EI,K? J o I COs ¢ 


Similarly, the angles of rotation of the right and left ends of the member, 


respectively, due to a unit moment applied at the right end may be expressed 
as follows: 


bein. trim earn lo x? dx 
os EI.Ke : ( eae wae 


1 > . .Io(K — z)x dx 
= - (1 Ib-in.) 
EI,K? J o I cos ¢ 


*Original derivation of the elastic constants is due to A. Strassner. See his Neuere Methoden zur Statik der 
Rahmentragwerke und der elastischen Bogentrager, Wilhelm Ernst und Sohn, Berlin, 1921. See also Ernst Suter, 
Die Methode der Festpunkte, Julius Springer, Berlin, 1932. The writer's version presented herein, however, is more 
general and asolieatie to members of any shape and curvature. 
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Elastic parameters a2, a@2:, Biz and B2; now may be defined as numerical 
quantities derived from the angles of rotation: 


EI, 
ie — =a 
K (1 lb-in.) 


. ae 
~ “31 (1 Ib-in.) 
| 
EI | 
* K (1 Ib-in.) _| 


After cancellation of common terms in the numerators and denominators, 
the equations of the elastic parameters, with respect to the X-axis, are 


: “K J, 2? dx 

4 , tf cose 
; “K 1,(K — x)x dx 
ase Ks ‘. I cos ¢ 


CONCEPT OF ELASTIC PARAMETERS 


As stated previously, various elastic properties of a straight or curved 
member may be defined in the terms of the elastic parameters of the member 
and a dimensional multiplier. Thus, for example, the location of the elastic 
center of a member, its moments of inertia about certain axes, and many 
other properties may be precisely defined. 

Since analysis of these relationships involves an extended interpretation 
of the moment-area principles, the presented development may be regarded 
as an extension of these principles. It is therefore presented in the form of 
nine corollaries to the familiar moment-area theorems. Expressed in general 
form, and formulated with respect to the X-axis, for a curved nonprismatic 
member 1-2, with supports on different levels, as shown in Fig. 1, they serve 
to define the abovementioned relations. 


Corollary 1 

For any member with simply supported ends on different levels, the elastic 
weight of the member may be expressed as a product of (ay. + a2; + 28,2)/EI, 
and the projected length of the member on the X-axis. 


Introducing a convenient expression, 


O12 = aie + a2, + 2Biz... 





JOURNAL OF THE AMERICAN CONCRETE INSTITUTE May 1958 











Fig. 1—Relationships between the area of M/El dia- 
gram and the angular rotations of the curved member 


the corollary may be expressed mathematically by the following equation: 


me 


In the special case that the supports of the member are on the same level, K = L, and Eq. (8) 


l “ 1, dz F 
—- = 6.— 
El 0 I cos¢ El, 


becomes 


The proof of the above corollary follows from the relations between elastic parameters and 
the angles of rotation. The right part of Eq. (8) may be rewritten in terms of angles of rota- 


tion, through the use of Eq. (6), as 


[(a12 + B x2) + (a, 4 B°s:)} (1 Ib-in.) 
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which may be recognized as the fundamental expression 


I * Mds 
(1 lb-in J kl 


when M is equal to unity and the integration is extended along the entire length of the member’s 
axis. Hence, it may be further rewritten as 


. 
ds 


EI 


and upon substitution of dz/cos ¢ for ds, the identity with the left part of Eq. (8) is obtained 

Because the elastic weight of any given member is constant, the mathematical statement of 
Corollary 1, leads to the important conclusion which, being formulated for an arbitrary mem- 
ber with simply supported ends and oriented in the Cartesian coordinate system, may be 
stated as follows: 

There is only one value of the term 6,2 for the two conjugate sets of elastic param- 
eters (with three parameters per set) which define the elastic properties of the 
member in the direction of both coordinate axes; provided, however, that all param- 
eters have been derived with respect to any one particular axis of the coordinate 
system. 


Corollary 2 


For any member with simply supported ends on different levels, the distances 
m and n along the X-axis between the elastic center and the left and right ends of 


the member, respectively, may be expressed by the equations 


The proof of the first part of the above corollary follows from the relations between the 
elastic weight and the elastic parameters. Since the elastic weight of a member of the unit 
length may be expressed by 0,./E/,, and the reaction of the elastic weight at the right end 
(support) may be expressed by (a2; + 82:)/E/,, then it follows that the elastic center of the 
member is located at a distance [(a 1 + Bo)/O | K from the left end of the member, measured 
along the X-axis. 


Proof of the second part of the corollary may be obtained by inference 
Corollary 3 


For any member with simply supporled ends on different levels, the moments 
of inertia of the elastic weight about the Y- and Y>-axes may be expressed by the 
equations 
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In the special case that the supports of the member are on the same level, L replaces K, 
in Eq. (12) and (13). 


The proof of the first part of the above corollary lies in the significance of the expression 
ay,/EI, and fundamentals of moments of inertia. From Eq. (5) and (6), it is evident that the 
expression a2;/EJ, represents the moment of inertia about the Y-axis of the elastic weight of 
the member whose X-axis projection is unity. 

Consequently, for K, the projected length of the member, the expression for moment. of 


inertia of the elastic weight, in absolute dimensional units become 


ao, K3 
lL, =— 
‘ EI, 


Similar proof may be derived for the second part of the corollary. 


Corollary 4 


For any member with simply supported ends on different levels, the moment of 
inertia of the elastic weight of the member about Y,-axis passing through the 
elastic center of the member may be expressed by the equation 


(a2: + Bi2)* | K8 
ale a Pore 
O12 EI, 


In the special case where supports of the member are on the same level and the member is 
symmetrical about its center line, Eq. (14) reduces to 


ms. 
EI, 


Examination of Eq. (14) and comparison with Eq. (8), (10), and (12) reveals that it is 
analogous to the familiar parallel-axis theorem for moment of inertia: 


I.g = I, — area X (distance to centroid)? 
Corollary 4 may alternatively be formulated in terms of the parameter aj. instead of a. 


Corollary 5 


When a unit moment is applied alone to the left end of a member with simply 
supported ends on different levels, the area A of the M/EI diagram may be ex- 
pressed by the equation 


Similarly, when a unil moment is applied alone to the right end, the area A’ may be defined as 


K 
- © San Fara. ++: - . (17) 
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The proof of this corollary becomes evident upon examination of Eq. (16). Since 8:2 = 821, 
then a;2/EI, and 8;./EI, are the respective reactions at the right and left ends of the member 
of unit length when the M/EI, area is considered as a load. The sum of the above reactions 
times K, the projected length of the member, then represents the area of the M/ET/, diagram 
for a general member. A similar argument applies to Eq. (17). 


Corollary 6 
When a unit moment is applied alone to the left end of any member with simply 
supported ends on different levels, the distances c and d, along the X-axis, be- 


tween the center of gravity of the area of the M/EI diagram and the Y- and Y>- 


axes, respectively, may be expressed by the equations 


Bie 
t+ Bis 


K 


The proof of this corollary is analogous to that presented for Corollary 2. 


Corollary 7 

When a unit moment is applied alone to the right end of any member with 
simply supported ends on different levels, the distances g and j, along the X-axis, 
between ihe center of gravity of the area of the M/EI diagram and the Y- and Y>- 
axes, respectively, may be expressed by the equations 


Proof of this corollary becomes evident from previous discussion. 


Corollary 8 

When a unit moment is applied alone to the left end of any member with simply 
supported ends on different levels, the moments of the area of the M/EI diagram 
about the Y- and Y>2-axes may be expressed by the equations 


K2 


The proof of the above corollary is evident from inspection of Eq. (16) and (18). 
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Corollary 9 

When a unit moment is applied alone to the right end of any member with 
simply supported ends on different levels, the moments of the area of the M/EI 
diagram about the Y- and Y»-axes may be expressed by the following equations 


Kk? 


M, = an — 
EI 


kK? 


Bio 
El 


M,, = | 


The proof of this corollary becomes evident from previous discussion 
In addition to the preceding corollaries an important statement should be made pertaining 
to straight inclined members: 


The elastic properties of a straight inclined member may be always expressed 
in terms of the elastic parameters of the same member horizontally oriented. 


As an example, Eq. (12) of Corollary 3 may be written for a straight member with supports 
on different levels in the following form: 


where a's, is the elastic parameter derived for same member having supports on same level 


LOAD CONSTANTS 


It has been shown that elastic 


parameters may be conveniently de- 





rived from the angles of rotation of a 
member’s axis, when the member is 


subjected to action of a unit moment 








applied at the member’s end. The 








same principle may be extended to 





obtain load constants of a member 
which is subjected to action of a mo- 


ment induced by an arbitrary load on 





the member. By definition, these 
load constants are the constants which 
define the properties of the area of 





M/EI diagram. Applying a partic- 





ular load to a member, and using the 
relationships outlined by Eq. (4) 





through (6a), the load constants for 
the particular loading condition may 


Fig. 2—Relationships between the area of be obtained from the angles of rota- 
M/El diagram and the angular rotations tion. 
of the loaded straight member 
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Thus, with reference to Fig. 2, and a straight* inclined general member 
1-2, whose axis slope is cos ¢ = K/L, the mathematical expressions of load 


constants are: 
L “KJ ’ 
R,. = -_—— Wik xr) dx 
(WK)K3 ] 


rE “K 
R, = -- Vir ds 
(WK)K / 


Since the expressions for the load constants were derived in the same manner 


where W defines a total load. 


as were those for the elastic parameters, although considering a moment 
diagram of different shape, the load constants may be regarded as a more 
general case of the elastic parameters. As a consequence, Corollaries 5-9 of 
the concept of elastic parameters are fully applicable to the load constants. 

Furthermore, the previously described relations between the elastic con- 
stants of inclined and horizontally oriented members are also common to 
the load constants of the above-mentioned members. 


APPLICATION TO THE ANALYSIS OF FRAMES WITH STRAIGHT MEMBERS 
General 

As stated previously the concept of elastic parameters permits extension of 
the theory of the elastic-center method,f thereby providing a short cut to the 
analysis of statically indeterminate frames with members of variable cross 


section. The applications and advantages are most readily explained by an 
example. 


Numerical values of the elastic parameters and load constants for all mem- 
bers employed in the following example are taken from tables presented by 
Guldan.{ The ft-kip dimensional system is used. 


Example 


Analyze a symmetrical portal frame, fixed at its supports and loaded with a concentrated 
load P of 10 kips as shown in Fig. 3. Consider the effect of the live load only 


The width 
of all members normal to the plane of drawing is 1.5 ft. 

The analysis begins with the selection of appropriate elastic parameters and load constants 
In view of symmetry of the structure about its center line, only members 1-2 and 2-3 need be 
considered. These members are isolated as shown in Fig. 4, and for their respective shapes and 


proportions the elastic parameters are found to be as follows: 


a. = 0.193 a2, = 0.0682 Bi2 = 0.0572 


G23 = ase = 0.2437 and Bo; = 0.1525 
*For an arbitrary curved member, the derivation of load constants is given on p. 1003. 
+The writer prefers the method generally referred to as the ‘‘elastic-center” (neutral point) method, which was 
introduced by Otto Mohr and expanded by Muller-Breslau. See: Mohr, O., Zeitschrift des Architekten und Ingenieur 
Vereins zu Hannover, V. 27, 1881; and Muller-Breslau, H., Die Neueren Methoden der Festigkeitslehre, Baumgartner 
Leipzig, 1886. 
tGuldan, R., Rahmentragwerke und Durchlauftrager, Springer-Verlag, Vienna, 1943, pp. 322-351. 
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Fig. 3—Principal dimensions 
of the portal frame 














8.0! 














t 
77 
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For the left end of the girder, the load constant denoted by R 
ilarly, for the right end the load constant FR, is 0.0566. 
inertia of the members 1 


, is found to be 0.0464. Sim- 
-2 and 2-3 is found to be 


rhe ratio @ of reference moments of 
» as follows: 


minimum /;_» 23 


— = = (0.297 
minimum />_; 33 


Then, the elastic weight of the whole frame, denoted by B/minimum J 
in accordance with Corollary 1 as follows 


-2, may be written 


B oL®@:; ; 2h0 12 
minimum /;_ minimum /, 


, re 
minimum J)_» 
Substituting numerical values, 


B 


0.297 K 40 X 0.792 
minimum J, 


2X 20 X 0.3756 


minimum /,_» minimum J, 


24.43 


minimum /; 


The distance between the elastic center of the frame and the girder’s axis may be determined 
from Eq. (28). 


2h : h(ay2 + Bi2) 


2hO;. + 10.2; 


lo = 


(28) 
Substituting numerical values 


2 X 20? (0.193 + 0.0572) 
mo 2X 2 X 0.3756 + 0.297 X 40 X 0. 


The moment of inertia of the elastic weight of the frame about X,-axis passing through the 
elastic center of the frame may be expressed by the following equation 


3 as Bn? 2 
I, 


’ minimum J;—. 


“we (29) 
minimum Gas 4 


*Since the modulus of elasticity Z is a common term that eventually cancels out in the process of determining 
the statically indeterminate quantities, it has been omitted from all elastic equations. 
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2 


Fig. 4—Shape and dimensions of the in- 3 
dividual members of the frame at . i 
oe 
ree 




















Substituting numerical values, 
3 X 8.19? 1449 


] 2 X 20° K 0.193 — 24.4 
9 minimum / ~~» ~ minimum i 


Applying Corollaries 1 and 4, the moments of inertia of the elastic weight of the frame about 
the Y,-axis passing through the elastic center of the frame may be expressed by the following 


equation: 
2hO 12 () ; oL' (ae - Bos) 


2 2(minimum J;—~:) 


- 


I, = 
, minimum /, 


Substituting numerical values, 
40? [20 X 0.3756 + 0.297 X 40(0.2437 — 0.1525)] 6877 
minimum J, 


I on « 
2 (minimum /, 


Selecting a basic statically determinate structure as shown schematically in Fig. 5, and 
realizing that the vertical reaction at the left support is 3.33 kips, the static bending moment 
diagram of the frame becomes identical to the simple beam bending moment diagram of 

The basic frame with the static bending moment diagram is shown in Fig. 6. 


member 2-3. 
Placing the origin of coordinates at the elastic center of the frame and denoting positive 
directions of X,- and Y,-axes and the statically indeterminate quantities H, V, and Z as 





hak aoe 


hs 


Fig. 6—Diagram of the static bending 


f 6-67 Ke 
moment 


t 3-33 Ke 


Fig. 5—Statically determinate frame 
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ae *o} non Fig. 7—Application of the 


Cathe 


Z 
——<= < —_ eae ——— -- —— 
H H 


elastic center method 














shown in Fig. 7, the moment at any section of the frame may be expressed by the following 


equation: 
+ Vz Hy. 


where 


area of modified M-diagram 
minimum /» 
B 


minimum / 


area of modified M-diagram xX n 
minimum 7» 


I, 


area of modified M-diagram X u 
minimum />» 


I, 


where the modified M-diagram is the reduced static bending moment diagram, 


whose ordinates 
are the ordinates of the bending moment diagram multiplied by the factor J,/T. 


M, = static moment at an arbitrary section 
No, U = respective ordinate and abscissa of the center 
of gravity of the area of the modified moment 
diagram in X,, Y, coordinate system 
x, y = coordinates of a section of the frame 


The area of the modified moment diagram may be determined by means of load constants, 
Rs; and Ry. Since these constants are the reactions of the modified moment diagram taken 
as a load, the area of the modified moment diagram, for the member of unit length and P = 1, 
may be expressed as R.; + Rs. In order however, to obtain the absolute numerical value 
of the area for the girder of length Z, and for the given concentrated load P, the factor PL? 
must be used. Thus, the area of modified M-diagram is 


PL? (Res + R32.) = 10 *K 40? (0.0464 + 0.0566) = 1648 


The expression, “‘area of modified M-diagram X u,’’ may also be formulated in terms of the 
load constants R.; and R,», in this case, by the expression: 


PL? (Raz — Res) 10 & 40° (0.0566 — 0.0464) 


9 9 
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Substituting numerical values in Eq. (32), (33), and (34) and expressing the reference mo- 
f 


ment of inertia of the member 2-3 in terms of reference moment of inertia of member 1-2, the 
statically indeterminate quantities Z, H, and V may be evaluated: 


1648 & 0.297 
20.04 ft-kips 
24.43 
1648 & 0.297 > 


1449 


3254 & 0.297 


0.141 kips 


ORT] 


The final steps of the analysis are the determination of the moments. [Employing Eq. (31 
the moments at the joints are 


(—20.04) 4 0.141) (—20 2.77 X 8.19 = 39.91 ft-kips 
20.04) + (—0.141) (20 2.77 X 8.19 = 15.54 {t-kips 
20.04) + (—0.141) (—20 2.77 (—11.81) = 15.49 ft-kips 


20.04) + (—0.141) (20) 2.77 (—11.81) = 9.86 ft-kips 


GENERAL CONSIDERATIONS IN DERIVING ELASTIC PARAMETERS 
OF CURVED MEMBERS 


The analysis of arches or arched frames, with fixed or hinged supports, 
and members of variable cross section, also may be conveniently accom- 
plished through the use of elastic parameters. In order to take full advantage 
of the brevity and expediency of the method, one must have available nu- 
merical values of elastic parameters and load constants for various shapes of 
arches. As will be amplified later, these data are not yet available in the 
technical literature. 

Generally, for any one-dimensional (straight) member, all elastic properties 
may be completely expressed in terms of its three elastic parameters. For a 
symmetrical member of the same group, two parameters suffice for evaluation 
of the member’s properties. 


In the case of a two-dimensional (curved) member, the number of elastic 
characteristics is twice that of the one-dimensional member. For example, 
the moment of inertia of elastic weight is necessarily referred to both axes 
of the Cartesian coordinate system. Similarly, the location of the elastic 
center and many other properties of the member are completely defined only 
if two coordinates are known. Consequently, to express various properties 
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Fig. 8—Coordinate systems 
used in derivation of elastic 
parameters and load con- 
stants for curved members 








of an unsymmetrical two-dimensional member in the directions of two co- 
ordinate axes, six parameters are needed. 

Taking advantage, however, of the conclusion drawn from Corollary 1, 
it is seen that the determination of only five elastic parameters is required for 
the complete description of a two-dimensional member in any one system of 
coordinates. Three elastic parameters are defined by Eq. (6a); for the other 
two, the writer introduces the following mathematical definition: 


“K J, y? dz 


I cos ¢ 


1 “KI, y (f — y) dz 
Bis 


Pie. Foss 


In the special case of the analysis of a symmetrical arched member, the 
determination of four parameters ays, 82, Yi2, and 5,2 is sufficient. 


While the basic expressions for the elastic parameters of a curved member 
are clearly defined above, some difficulty arises in the actual process of cal- 
culation of parameters even for the symmetrical haunched arched member 
with supports on the same level. For this arch, the mathematical expression 
of the rate of change of cross sectional area is generally referred to the z-y 
Cartesian coordinate system with its origin at the crown as shown in Fig. 8, 
rather than the X-Y system of coordinates in which the elastic parameters 
have been previously defined by Eq. (6a), (36), and (37). 

The system of coordinates with origin at the crown will be retained for the 
convenience of integration, and consequently the equations of parameters 
should be redefined. Realizing that the expressions for the elastic parameters 
of the member are derived from the angles of rotation of its ends when a unit 
moment is applied to one end, then the elastic parameters aj2 and 812 of the 
symmetrical arch may be expressed in the z-y coordinate system of Fig. 8 by 
the following equations: 
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1 L/2 J, 
+= — ds 


The elastic parameters yi2 and 6,2 are derived from the condition of a unit 
moment applied at the crown of the arch. For the symmetrical arch with 
supports on the same level, oriented in the z-y system of coordinates as shown 
in Fig. 8, these parameters may be expressed by Eq. (40) and (41). 


‘ I 
Lf | : 


Replacing ds by the expression defining the rate of change of cross sectional 
area, integration of Eq. (38) through (41) may be accomplished for a specific 
arch. 


GENERAL CONSIDERATIONS IN DERIVING LOAD CONSTANTS OF CURVED 
MEMBERS 


The determination of the load constants of curved members basically 
follows the same procedure as described in the previous article for the elastic 
parameters. Generally, for a two-dimensional or curved member, three load 
constants are necessary: two constants 7’ and U, to express the load character- 
istics in the direction of X-axis, and the third constant S, to express the same 
characteristics in the direction of the Y-axis. 


Since the coordinates of a curved member are related to each other by a 


quadratic expression, each curved member has two independent sets of load 
constants. One set applies to the vertical loadings on the member, the other 
to the horizontal loadings. 

The load constants of an arbitrary vertical load applied to a symmetrical 
arch oriented in the X-Y coordinate system, as shown in Fig. 8, are defined 
by the writer, with respect to the X-axis by the following equations: 


“L I, My dx 


I COs ¢ 


M(L x) dx 


cos © 


a _ [* 1. Mzdz 
~ (WL)L* f, ‘Os 
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Similarly, the load constants of an arbitrary horizontal load, are defined 
follows: 


Vy dx 


COs ¢ 


M(L —z 


cos ¢ 


. 


l LI, Mzdz 
~ (Wh) Lt I cos¢ 


The integration of Eq. (42) through (47) may be accomplished for a partic- 
ular curved member if the above equations are redrafted for use in the x-y 


coordinate system and an appropriate expression defining the rate of change 
of arch cross sectional area is substituted for dx/J cos ¢. 


NUMERICAL VALUES OF THE ELASTIC PARAMETERS 
AND LOAD CONSTANTS OF CURVED MEMBERS 


With the defined elastic parameters and load constants of the curved mem- 
ber, and with relations formulated by the concept of elastic parameters, the 
elastic properties of an arch may be readily computed. As a result, an analysis 
of a complete structure may be accomplished by straightforward, short cal- 
culations employing the elastic center method and treating the arch body as a 
single element with defined properties. The advantage over the tedious 
method now generally employed is immediately realized. 


The problem therefore narrows to determination of the numerical values 
of elastic parameters and load constants, and their presentation in tabular 
form for many arched members of constant and variable moment of inertia. 
The writer has derived numerical values of elastic parameters and load con- 
stants for various haunched and tapered arches; these and other data are 
compiled in book form.* 


APPLICATION TO THE ANALYSIS OF ARCHES 


For the purpose of illustrating the analysis of a curved structure, the follow- 
ing example is presented. Numerical values of elastic parameters and load 
constants are taken from the writer’s development. t 


Example 
Find the statically indeterminate thrust of a symmetrical arched bridge with parabolic, 
tapered, » two-hinged arch when loaded by five equal concentrated loads as shown in Fig. 9. 


*L eontov ich, Valerian, Frames and Arches, McGraw-Hill Book Co., New York (in printing). 

+Since the author uses a different basic system in derivation of his ‘elastic constants from that employed by R 
Guldan, the author's constants in this paper have been converted to match the system used by R. Guldan for straight 
members. This makes numerical values of the elastic constants of the curved members consistent with numerical 
values of elastic constants of the straight members used in the previous example. 
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5 Spaces @ 15.0' = 75,0' 


—— — 


Each P = 10.0 k. 


Contraction 






































Fig. 9—Two-hinged arched bridge 


In this illustrative example only live loads on the arch are considered for brevity of the 


analysis, with the solution based on the assumption that the system of loads is carried by 
the columns to the arch and distributed uniformly across its width 
terminate thrust is calculated in kips per entire arch width. 
are 120 ft and 48 ft, respectively. 
in accordance with the following data: 


The statically inde- 
The span and rise of the arch 
The moment of inertia of the arch cross section varies 


Section Horizontal distance I 


1.0 52 ft4 
84 ft* 

28 ft4 

88 ft‘ 

60 ft‘ 

1.00 ft* 


For the analysis of the two-hinged symmetrical arch, only one parameter y and one load 
constant S, of each concentrated load are needed. For the given arch the elastic parameter 
y is obtained as a tabular value, 0.8383, and the five load constants corresponding to the 
five concentrated loads are 0.070, 0.119, 0.146, 0.154, and 0.146 


The aggregated value of 
load constants defined by the symbol S is therefore 0.635. 
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The moment of inertia of the elastic weight of the arch about the X,-axis, passing through 
the hinges may be expressed by the following equation:* 


f. =... 


’ | ee 
and introducing numerical values, 
0.8383 & 120 * 48 


Tcrown 


. : area of modified M-diagram 
The moment about the X.-axis of the - may be expressed as 
crown 


and upon substitution of numerical values, 


vv 10 X 0.635 K 120? XK 48 4, 389, 100 


" le un 
The statically indeterminate thrust H of the arch may be obtained from the equation: 


M,, 
H = (50) 
Fe 


oO 
Substituting numerical values and performing cancellations, H = 18.94 kips. 
Having calculated the statically indeterminate quantity, the moment at any section of 
the arch may be obtained from the familiar equation: 


M = M, — Hy 


OTHER APPLICATIONS OF ELASTIC PARAMETERS 


Among other significant applications of the elastic parameters, the citing 
of a generalized definition of flexural rigidity, based on the condition of pure 
bending, is imperative.— The importance and significance of this generalized 
definition lies in the fact that it permits the extension of certain concepts to 
straight and curved members of variable cross section. 

To arrive at the expression for flexural rigidity, based on the condition of 
pure bending, the stored energy of deformation in the member is considered 
as a criterion. Applying two opposite unit momentsf to the ends of an arbi- 
trary member 1-2 of Fig. 1, the stored energy of flexural deformation U ex- 
pressed in terms of applied moments and angular deformations, is 


M;, (a@°12 + B%:) M2 (a@%1 + B12) . 
— + Se (51) 


U => 
*E is omitted by the previously stated reasons. 
+This definition should not be confused with flexural rigidity of the member as defined through the use of vertical 
displacement of one support for members with fully fixed ends. For definition of flexural rigidity, based on condition 
of pure we see Timoshenko, 8. P., Strength of Materials, D. Van Nostrand Co., New York, 1940, Part I, 
Article 23, 
{The #3 Bb ai dimensional system is employed. 





ELASTIC PARAMETERS 1007 


Observing that the applied moments M, and Mz are equal to 1 |lb-in., Eq. 
(51) may be written in terms of elastic parameters as follows: 


U = (ai2 + ae, + 2812) DEI, (1 lb-in. )? 


With the use of Eq. (7), the stored energy of deformation U may 
pressed as 


s K . 
U = @1 3ET, (1 lb-in.)? 


The term £J,/@;2 in Eq. (53) defines the rigidity of a member of unit length, 
based on the condition of pure bending. If the quantity FJ, is the same for 
members of unit length but of different shape and cross section, a commensur- 
able basis is established for their comparison. The term 0,2 is then the cri- 
terion of rigidity of a member and therefore is called the elastic quantum of the 
member. 

The significance of the elastic quantum is manifold. First, as mentioned, 
dissimilar nonprismatic members may be logically classified and compared 
in terms of their elastic rigidity. Secondly, many complex problems involving 
elastic stability and deflection of straight and curved members of variable 
cross section may be more readily solved through application of the elastic 
quantum. 

The term rigidity, based on the condition of pure bending, is currently 
applicable to prismatic members only.* The concept of elastic quantum, 
however, permits a more generalized interpretation of the meaning of rigidity 
of a member, so that the definition may be extended to straight and curved 
members of variable cross section. 

For a straight member of constant cross section and unit length, the elastic 
quantum is unity; the expression for rigidity then reduces to the familiar 
EI,. For a haunched member of unit length, and J, corresponding to the J 
of the minimum section, the value of the quantum is necessarily always less 
than unity. It is apparent, of course, that the haunched member is storing 
less energy of deformation than a corresponding prismatic member and is 
therefore more rigid. 

Tapered members of the same length and F and with J, corresponding to 
the moment of inertia of the member’s maximum cross section may also be 


fitted easily into this scheme of classification. Their quanta values are always 
greater than unity because each tapered member stores more energy of defor- 
mation than the prismatic member of corresponding length and EJ, 


The elastic parameters, quanta, and load constants discussed above are 
dimensionless quantities; however, having been obtained by direct reduction 
from certain physical properties of the member, they retain very important 


*See any engineering mechanics text. 
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functional relations. As a result, the principle of superposition may be ad- 
vantageously applied to obtain the elastic parameters, quanta, and load con- 
stants of members not presently covered by the tables and charts. 

The diverse applications of elastic parameters cannot all be covered in this 
paper. These other applications not included in the paper are of no less value 
than those herein presented. 


CONCLUSION 


Nine corollaries to the moment-area theorems have been formulated, intro- 
ducing the concept of the elastic parameters and, therein, a new interpreta- 
tion of the theorems. The classical elastic-center method has been extended 
through the concept; the usefulness and superiority has been demonstrated 
by practical examples. 

It has also been shown that the extended method possesses the unique 
advantage of considering a structure of straight or curved members as a single 
integral unit with precisely defined physical properties. As a result of this 
approach, complex problems may be readily solved through the use of con- 
veniently tabulated values of elastic parameters and load constants; the 
tedious semigraphical integration involved in the” present method is com- 
pletely avoided. 

The brevity of the presented method has also been shown, inferring partic- 
ular utility for the analysis of frames suffering “body swing” under load. 


Although space limitations preclude further exploration of the concept of 
elastic parameters, its utility is evident in application to the analysis of space 
rigid frames, frames on elastic foundations, cases of elastic stability, and other 
problems of structural engineering. 


Discussion of this paper should reach ACI headquarters in triplicate 
by Aug. 1, 1958, for publication in the Part 2, December 1958 JourNat. 
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Topping Pavements with Calcium Aluminate Cement Concrete 


By W. C 


INTRODUCTION 


I:xperiments were started in 1951 to study 


methods of placing a topping of calcium 


aluminate cement{ concrete on a portland 
cement concrete base to provide “a surface 
that 


sistant to the heat of jet and rocket engines. 


for airfield pavements would be re- 
This is a report on the conditions of slabs and 
the strengths of beams at the end of 5% vears 
exposure in the field. 


SPECIMENS AND TEST OUTLINE 


The specimens for each condition in this 
study were as follows: one 36x 36x 9-in 
slab, and four 6 x 6 x 30-in. beams. 

The principal purpose of this investigation 
was to study methods of bonding a calcium 
aluminate cement concrete topping to a port- 
land The variables 


studied were as follows: Type I and Type IA 


cement concrete base. 
cements were used in the concrete base; and 
the topping was placed on the base as follows: 

(1) within 10 min after the base course was 
placed; 

(2) immediately after the base course had 
taken its initial set; and 

(3) when the base course was 3 days old or 
more. 

Traprock Wisc., 
and blast-furnace slag aggregate from East 


from Dresser Junction, 


AT 
V. 54. Separate prints of the entire Concrete Briefs section are available at 35 cents each. 
4754, Redford Station, Detroit 19, Mich. 
*Member American Concrete Institute, Director of Research, Research Laboratories 
Co., Buffington, Ind. 
+Section Leader, Research Laboratories, Universal Atlas Cement Co., 
tThe cement used was the product sold under the trade name of Lumnite. 


HANSEN * and W. W 


art of copyrighted JouRNAL oF THE AMERICAN ConcReETE INsTITUTE, V. 29. No 


BRANDVOLDt 


Chicago, Ind., were used in the toppings 


The 


was varied between 60 and 90 F 


temperature of the Lumnite concrete 


MIXING, PLACING, AND TESTING 


The aggregates field 
were sprayed with water to maintain them 
The 


free water in the aggregate was determined 


stockpiled in the 


in a saturated surface-wet condition. 
immediately before batching of the concrete 
The concrete was mixed for 75 sec in a 6 cu ft 
non-tilting revolving drum-type mixer. 

The portland cement concrete, placed in 
one layer to a depth of 6 in. in a wooden slab 
mold, was spaded along the edges to obtain a 
well-filled mold and then was struck off with a 
4-in. channel iron screed in three successive 
passes, in alternating directions. This was the 
only finishing of the surfaces of the slabs 
which were topped within 10 min after plac- 
ing. 
surface with a steel rake similar to a garden 


The other slabs were given a scratched 


rake. Slabs that were not topped for 3 or more 
days were cured under wet cloth for 24 hr 
At the time of placing the base course slab, 
a 3-in. base course was placed in four 6 x 6 x 
30-in. steel molds. Excess concrete was put 
in the molds and was removed with a wooden 
screed prepared for this purpose, which main- 
tained the thickness of the concrete at 3 in 
11, May 1958, Proceedings 
Address P. O. Box 


Universal Atlas Cement 


Buffington, Ind 
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Cement 

content, | 

sacks per 
cu yd 


IA 6.11 
I 6.28 


w/c 
gal. per 
sack 


Type of 
cement 


The surface of the 
base course in each of the four molds was 
finished in the same manner as the surface of 


and screeded the surface. 


the companion slab. This gave four beam: 
for each condition of placing the toppings. 
The mix data for the portland cement con- 
crete are shown in Table 1. 

After the base course for the slabs was 
placed, a 3-in. wooden extension was placed 
This was filled in 
one layer with Lumnite cement concrete 
which was spaded along the edges of the forms 
and was struck off with the steel screed as 
described for the base course. 


on the base course forms. 


This was the 
only finish given the surfaces of the slabs. 
In the case of the base courses, which were 
3 days or older before they were topped, a 
mortar consisting of one part by weight of 
Lumnite cement and one part of the sand to 
be used in the topping was brushed thor- 
oughly into the surface of the base course 
immediately before the topping was placed. 


TABLE 1—MIX DATA 


Unit 
weight, 
lb per 

cu ft 


150.1 
156.0 


May 1958 


FOR BASE COURSE 


Air Mix 
content, proportions 
percent by weight 


Sand 
content, 
percent 


| 


The 3-in. toppings on the 6x 6 x 30-in. 
beams were placed in the same manner as 
that followed with the slabs, except that the 
surfaces were troweled with a steel trowel to 
provide a smooth surface for the knife edges 
of the test machine in the test for flexural 
strength. The beams were broken on 18-in. 
spans with the surface as cast facing upward 
so as to apply the load in the manner in which 
This 
The three 
sections of the broken beams were broken 
This 


load was applied to the sides of the beam as 


it would be applied in a pavement. 
gave two breaks for each beam. 


under compression as modified cubes. 


cast. 

Since the strength and ease of placing of 
Lumnite concrete decrease as the tempera- 
ture of the concrete increases, toppings were 
placed with the Lumnite concrete having a 
temperature of 60 to 70 F in one set of speci- 
mens and a temperature of 80 to 90 F in a 
second set to determine whether or not the 


TABLE 2—MIX DATA FOR LUMNITE CONCRETE TOPPING PLACED ON 
BASE INDICATED 


Cement 

content, 

sacks per 
cu yd 


Condition of 
portland 
cement base 


w/c | 
Aggre- 
gate | sack 


Type IA concrete base 


Fresh ; 8.4 | Slag 
Set 5.4 Slag 
Hard | 5.£ Slag 


gal. per|Unit weight 
Ib per cu ft 


Mix Sand 
proportions content, 
by weight percent 


Temperature 
of concrete, 


Fresh 
Set 


Hard 


Fresh 
Set 


Hard 


Type I concrete base 


Fresh 
Set 


Hard 


Fresh 
Set 
Hard 


Slag 
Slag 
Slag 


Traprock 
lraprock 
T'raprock 


Traprock 
Traprock 
Traprock 
Traprock 


Traprock 
Traprock 
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TABLE 3—STRENGTH OF 6 x 6 x 30-IN. BEAMS OF LUMNITE CEMENT 
CONCRETE BONDED TO PORTLAND CEMENT CONCRETE 


Type of | | 
Aggregate cement [Condition 
in topping in base of base ~ 
| 24hr 


“| 
1 month 
| 


| | Flexural strength, psi 
| 6 x 6 x 30-in. beams 
average of two breaks) 


1 year 


Compressive strength, psi 
6-in. modified cubes 
average of three cubes 


| 


24 hr | 


| 5.5 year | 1 month 1 year 


Topping placed at 80 to 90 F 


Slag i Fresh | 159 595 
Set | 203 610 
Hard 318 515 


Fresh 308 | 708 
Set 325* | 819 
Hard 610* 540* 


Trap Rock 


654 | 617 1562 
623 | 665 2344 
613 598 1961 
732 7 6| } 3115 


SSY 77 4030 
1 


Topping placed at 60 to 70 I 


Slag Fresh 5 561 
Set ; 595 
Hard 

Trap Rock Fresh 

Set 


Hard 


Trap Rock 


Fresh 
Set 
Hard 
*One break. 
tPortland cement base cracked. 


temperature of the mix at time of placing 
would appreciably affect the bond between 
The higher 
temperatures were obtained by placing the 


the base and topping courses. 


required amount of mixing water heated to 
about 160 F in the mixer and rotating the 
min before the cement and 
added. The 


concrete topping are given in Table 2. 


mixer about 1 
aggregate were mix data for 

The toppings on the slabs and beams were 
sprayed with a membrane-forming curing 
compound as soon as possible after placing. 
The molds were removed at the age of 24 hr 
and soil was placed around the slabs so that 
the surfaces were flush with the surfaces of the 
ground. The beams were similarly embedded 
in the soil. The beams were broken in flexure 
at the ages of 24 hr, 1 month, 1 year, and 5% 
years, and as modified cubes at ages of 24 hr, 
1 month and 1 
tests are given in Table 3. The sections of the 


year. The results of these 
broken beams at the 5)4-year period were 
used in attempts to break the bond between 
the two types of concrete. This was done by 
the driving of a steel wedge into the specimen 
at the interface of the topping and base 
course. There was no evidence of poor bond 
on any of the beams; in no case did the speci- 
men break at this interface. 


697 684 
673 713 
603 605 


768 
903 


753 


733 
850 


The only study of the slabs has been to tap 
the surfaces in an effort to detect any break- 
ing of the bond between the two types of con- 
cracks. So 


far, there is no evidence of any failure of this 


crete and to examine them for 


bond. 


DISCUSSION 


The principal object of this study was to 
expose slabs of concrete, in which portland 
cement concrete was topped with a calcium 
aluminate cement concrete, to normal weather 
conditions, which include cycles of 
each for the 


purpose of determining whether or not the 


many 


freezing and thawing year, 
bond between the two types of concrete would 
As far 


as can be determined, this bond has remained 


remain intact under these conditions. 
perfect for about 6 years. The slabs are to be 
left undisturbed and observations will con- 
tinue. 

Table 3 shows that the flexural strengths 
of the beams equaled or exceeded 600 psi at 
the ages of land 5% years. The best strength 
generally was obtained when the topping was 
placed just after the concrete of the base 
course had taken its initial set. However, 
strength differences were not large. 
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Some Effects of Carbon Dioxide on Mortars and Concrete— 
Discussion 


By A. STEOPOE* 


The writer read with interest the paper by 
Leber and Blakey, “Some Effects of Carbon 
Dioxide on Mortars and Concrete’ (ACI 
JOURNAL, Sept. 1956, Proc. V. 53, pp. 295- 
308), since a long while ago he studied the 
chemical processes which occur when aggres- 
sive agents react on the hardened cement. 

On p. 304, Leber and Blakey state: ‘‘If 
carbon dioxide decomposes the products of 
the hydration of di- and tri-calcium silicates, 
water and hydrous silica will be formed. This 
hydrous silica is insoluble in diluted hydro- 
chloric acid (Meyers’), a fact which could 
lead to serious mistakes, when determining 
cement in old and carbonated concrete by the 
Florentin method.”’ 

The work by Meyers was published in 
Rock Products in 1949. The writer observed 
the same process 14 years earlier and pub- 
lished the results in the German periodical 


*Bucharest, Rumania. 


Zement, 1935, No. 50, under the title ‘“The 
Action of Carbon Dioxide on Hardened Ce- 
ment.”’ In this paper the formation of in- 
soluble _ silica 
mentally. 


was demonstrated experi- 

The mistakes caused by presence of in- 
soluble silica in determining proportions in 
old and carbonated concrete by the Florentin 
method were also reported by the writer in 
“The Determination of the Mix Proportions 
in Mortar and Concrete’’ (published in 1934, 
also in Zement). 


Following the above studies, the writer 
modified the method of analysis of concrete, 
introducing an alkaline treatment after the 
acid this 
published in the German 
periodical Tonindustrie Zeitung (1937, No. 11, 
and 1938, No. 33). 


one. Two papers concerning 


analysis were 








Protlems and Practices 








A series relating to ‘down-to-earth, every- 
day’’ concrete problems which attempts to give 
brief answers to the more common (and some- 
limes uncommon, too) questions asked about 
concrete design and construction practices. 

To some, the answers will seem simple and 
obvious; others may prove controversial. 


Q. How should ordinary gypsum plaster be 
applied on dense concrete interior walls or 
ceilings to insure reliable bond? 


A. According to the Building Research 
Station (England) the following are the main 
points that should be considered: 


1. If it is known that concrete surfaces 
are to be plastered, steps should be taken in 
consultation with the plastering contractor, 
to provide some mechanical key on the soffit 
by using forms with rough surfaces, by suit- 


All ACI members are invited to participate— 
either by submitting an inquiry, or even better, 
by telling JOURNAL readers how an intriguing 
problem was solved. It may well be that readers 
will be able to suggest more practical solutions 


than those presented. 


able retarders, or special inserts in the forms 
to provide keys. 

2. Forms level and true to 
enable a single coat of plaster to be used; 
joints should be tight, to avoid ‘“‘fins.”’ 

3. Brush surface with a wet brush just 


should be 


before plastering (water should not be visible 
on the surface) or use a proprietary bonding 
liquid of the polyvinyl! acetate type according 
to makers’ instructions. 

4. Use one-coat work if possible; the total 
work 


thickness of two-coat should be not 


more than 3% in. 





CURRENT REVIEWS 


of Significant Contributions in Foreign and Domestic Publications 


Bridges to steel tension flanges (inverted T’s: rolled 
steel joists cut in half, or built of plates and 


Bending moments in cantilevered road- i pen ee ti: “a 
angles, etc.) by  reinforcing-steel spirals 


way slabs (Biegemomente in auskra- 
genden Fahrbahnplatten) 


G. Deunkxamp and H. Krosse, Der _ Baui ngenieu > ‘ ‘ : 
Berlin), V. 32, No. 2, Feb. 1957, pp. 52-56 In view of the fact similar methods have 
Reviewed by Anow L. Mirsky 


welded to top of steel portion and embedded 
in the concrete 


been used in this country (‘‘Alpha’’) and 
Usual method of analysis of curb canti- elsewhere for quite a few years, reviewer 
levers of bridge slabs is to assume them fixed found it surprising that “the development 
at edge (curb) girder Authors develop of this method of construction has involved 
approximation method of analysis of slabs 4 considerable amount of testing 
cantilevering on one or both sides and loaded 
on the cantilevers, with elastic behavior of Design and construction of the Apapa 
the slab taken into account. A numerical Wharf extension, Lagos 
example of a concrete deck slab 9.5 m out-to- ee Se ee ‘ San eee 
out supported on two girders 4.5 m apart is July 1957, pp. 499-519 (discussion, pp. 519-536) 
included. Discussion of paper is printed a a a ee 
July 1957 issue, pp. 283-284 Of particular interest in this Nigerian 
project is the wharf wall. The bed of the 
Construction harbor consists of fine and coarse sand, with 
some silt and pockets of clay; hence wall 
Concrete hangars spread folded slab = was built of concrete blocks set in sloping 
wings bond on a rubble base: each “‘slice’”’ can thus 
ag News-Record, V. 160, No. 8, Feb. 20, 1958 settle independently of adjacent slices 
, Further, effect of variable loading during 
Describes five large new cantilever folded construction on settlement and tilt was care- 
plate hangars, including the first, built in 1956 fully studied, and backwards lean of the 
for TWA at Kansas City, and four additional — slices chosen so final slopes would not exceed 
similar hangars presently under construction desired amounts. 
Discusses in detail and illustrates different 
forming methods used Uses of lightweight concrete (Contribu- 
tion a l'étude des problémes posés par 
Composite steel and concrete construc-__ l'utilisation des bétons légers) 


tion Henrt Bopecuer, Supplement to Annales de L'Insti 
pe , . y . tut Technique du Batiment et des Travaux Publics 
The Engineer (London), V. 204, No. 5310, Nov. 1, Paris), V. 10, No. 120, Dec. 1957, pp. 1321-1332; 
1957, p. 646 discussion pp. 1332-1333 


teviewed by Aron L. Mirsky AuTHOR's SUMMARY 


Description of a “new method”’ involving Siporex cellular concrete consisting of 
connecting concrete floor slabs, acting as the Fontainebleau sand, binder, and aluminum 
compre ssion member of the composite section, | powder, and treated in the autoclave in such 


A part ‘of copyrighted JOURNAL OF THE AMERICAN CONCRETE INstiTUTE, V. 29, No. 11, May 1958, Proceedings 
V. 54. Address P.O. Box 4754, Redford Station, Detroit 19, Mich Where the English title only is given in a 
review, the book or article reviewed is in English. If it is followed by a foreign title the work reviewed is in that 
language. In those cases where the foreign title cannot conveniently be set in type or is not available, the language 
of the original article is indicated in parentheses following the E nglish title. C opies of articles or books reviewed 
are not available through ACI. Available addresses of publishers are listed in the June ‘“‘Current Reviews” each 
year. In most cases ACI can furnish addresses of publications added later. 

For those members who cut apart this section for pasting on cards for card indexes, a limited number of compli 
mentary reprints of the ‘‘Current Reviews" section are available from ACI headquarters on request 
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& way as to produce a silicocaleareous re- 
action may vary in density from 0.4 to 0.8, 
and its strength is such that it may be used 
for bearing walls on several stories. Presents 
various examples of the use of cellular con- 
crete, in particular the construction site at 
Noisy-le-Sec, for which 
are given. 


details and costs 


Construction Techniques 


Composite construction for apartment 
buildings (Le complexe acier-béton 
appliqué a la construction du gros 
oeuvre des immeubles) 


Jean Dutneit, Supplement to Annales de L'Institut 
Technique du Batiment et des Travaux Publics (Paris) 
V. 10, No. 117, Sept. 1957, pp. 830-844; discussion 
pp. 845-846 

AvuTHor’s SUMMARY 


Describes the acier-béton (steel-concrete) 
method which combines a steel framework 
with reinforced concrete. 

A quickly erectable light steel framework 
comprises light 


have only to 


section stanchions which 
support a minimum dead 
weight during erection. On these stanchions 
are assembled transverse steel members or 
prefabricated reinforced concrete members 
incorporating steel elements in which the 
connecting parts for welding or riveting are 
exposed. After assembly, the stanchions 
and connecting members are embedded in 


concrete. 


Rapid construction by the sliding form 
method (Les coffrages glissants mode 
de construction rapide) 
EmiLe Newnia, Supplement to Annales de L’Institut 
Technique du Batiment et des Travaux Publics, 
Vv. 10, No. 111-112, Mar.-Apr. 1957, pp. 332-375; 
discussion p. 376 

A general discussion of the over-all prob- 
lems in 
forms. 


concrete construction by sliding 
Emphasizes the necessity for a co- 
ordinated result in 


extremely rapid construction with a 


operation which can 
con- 
siderable saving in labor. The examples of 
include 


silos, cooling towers, reservoirs, chimneys, 


construction shown and described 

Also deals with 
the theoretical analysis, design of forms, 
rate of movement related to quality of the 
concrete, friction, and jacking forces required. 
Outlines the elements of design for sliding 
form systems. 


and multistory buildings. 
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Preparing high strength concrete (La 
préparation des bétons a hautes ré- 
sistances) 


H. Mancne, Revue des Matériaux de Construction 


(Paris), No. 498, Mar. 1957, pp. 83-89; No. 505, 
Oct. 1957, pp. 301-306; No. 506, Nov. 1957, pp. 
332-339 

Reviewed by Puiture L, MeLvILLte 


A comprehensive review of concrete manu- 
facturing to obtain optimum results. Control 
of materials is emphasized. Efficiency in 
operation is discussed with a review of most 
modern equipment and its effe¢ts on quality 
control and labor costs. In conclusion, it is 
stressed that modern efficient concrete mixing 
plants require adequate technical know-how 
for most advantageous operation. 


Design 


Cracks in reinforced concrete (Fissura- 
tion des corps fragiles et du béton armé) 
L. P. Brice, Supplement to Annales de L'Institut 
Technique du Batiment et des Travaur Publics (Paris), 
V. 10, No. 109, Jan. 1957, pp. 82-92 
AvuTrHor's SUMMARY 

Studies the tensile cracks in brittle bodies 
and in reinforced concrete. Sets up formulas 
giving the mean spacing of the cracks and 
width. With 


possible to calculate, from characteristics of 


their these formulas it is 


the section, the maximum stress in the rein- 


forcing steel for a determined width 


of the cracks. 


mean 


Materials 


Study of properties of fly ash cement 
(Etude des propriétés du ciment aux 
cendres volantes) 
Micnet Venaut, Revue des Matériaur de Construction 
(Paris), No. 506, Nov. 1957, pp. 309-317 
Reviewed by Puiture L. MELVILLE 

Two fly ashes used in cement manufacture 
were studied. A large number of tests on 
performed 
Fly ashes were sub- 


mixes 
{ x 16-cm 
stituted for 25 to 40 percent cement. 


16 mortar were using 


4x bars. 
Pozz0- 
lanic reaction started slowly. At 20 C it 
increases quickly. 
and heat. 


It increases by grinding 

Fly ashes reduce shrinkage as a 
of the amount used and of the 
fineness of the particles. The heat of hydra- 
tion was only moderately reduced 


function 
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New process for electronic microscope 
study of hardening cement paste 
(Nouveau procédé pour lI'’etude au 
microscope electronique des pa&tes de 
ciment susceptibles de durcissement) 


P. Bernarp, Revue des Matériaux de Construction 
(Paris), No. 507, Dec. 1957, pp. 351-361 
Reviewed by Puiturp L. MELVILLE 
A study of cement pastes with the electronic 
microscope under carefully controlled con- 
ditions. Results of morphological exami- 
nation of specimens made with freshly boiled 


distilled 


portland cements at low water cement ratio 


water and commercial grades of 


are discussed. 


Pavements 


Pavement. condition 
gested criteria 
No. 


surveys—Sug- 


Special Report 30, Research Board, 


1957, 61 pp. 


Highway 


A discussion of problems involved in pave- 
ment condition surveys, definitions of defects, 
and suggested forms which have been 
developed to facilitate recording and studying 


data obtained. 


Prestressed Concrete 


Computation of prestressed reinforced 
concrete cylindrical shells used for 
containers (in German) 


K. Buyer, Beton und Stahlbetonbau 
No. 5, May 1957, pp. 104-111 
APPLIED 


Berlin), V. 52, 
Mecuanics Revirws 
Feb. 1958 (Long) 
restressing 18 applied to neutralize traction 


stresses in wet surfaces in water containers 


(reservoirs) formed by closed cylindrical 
shells, flat floors, and flat or curved roof. 
The computation and analysis of stress of 
some reinforced concrete reservoirs built in 
Germany are given. 


Seleciton of the allowable initial pre- 
stress (Choix des contraintes admissi- 
bles initiales dans les aciers pour béton 
précontraint) 


M. A. CuaGnegav, Supplement to Annales de L'Insti- 

tut Technique du Batiment et des Travaux Publics 
(Paris), V. 10, No. 120, Dee. 1957, pp. 1353-1358 

AvuTHor's SUMMARY 

The falling-off of prestressing in a pre- 


stressed concrete construction is due to the 
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slow deformations of the concrete and to its 
shrinkage, and also to the action of exterior 
lorces. 

For a same initial prestressing, it is ad- 
visable to use steels under high tension. A 
certain limit must not be passed, a limit 
which may be fixed only after an examination 
of the tensile strength curves of these steels. 


Measured losses in prestress (Expéri- 
ences de relaxation des contraintes 
dans le béton précontraint) 
G. Dawance and A. CuHaGneavu, Supplement to 
Annales de L’Institut Technique du Batiment et des 
Travaux Publics (Paris), V. 10, No. 120, Dec. 1957, 
pp. 1344-1353 
Avutuors’ SUMMARY 

Tests begun in 1952 with extruded steel 
wire have been continued and new tests have 
been carried out on patented steel wires. 
The present report gives the results obtained 
in the two cases for different rates of initial 
compressions of the concrete. The 
of the of the 
out from measurement 


deter- 
stresses 
the 
frequency of transversal vibration. 


mination steels is 


carried of the 


Properties of Concrete 


Investigation of the effect of some 
pozzolans on alkali reactions in con- 
crete 
A. H. M. Anpreasen, K. FE. Havitunp CHRISTENSEN, 
and P. Brepsporrr, Progress Report L-1, Committee 
on Alkali Reactions in Concrete, Danish National 
Institute of Building Research and the Academy of 
Technica! Sciences, Copenhagen, 1957, 88 pp., 12 D-.kr. 
teport is concerned with studies made up 
1956 the 
producing from Danish raw materials suit- 
able to preferably 
pozzolans, for the prevention of alkali reac- 
tions. 
The 


Part I comprises: 


to investigating possibilities of 


admixtures concrete, 


report is divided into two parts. 
(1) survey of the develop- 
ment that the use of pozzolans in the pro- 
duction of mortar according to the literature 
has undergone in the course of time; it is 
attempted, on the basis of test results and 
theories available in the literature, to give a 
the effects pozzolans both 
hydraulically and as reducing alkali reactions; 


(2) brief account of the test procedure and of 


review of of 


the results obtained, as well as a discussion 
of these; (3) detailed description of methods 
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employed; tables and graphs are presented 
of individual results. Part II comprises: 
(1) investigation of the various causes for 
the dispersion of the results obtained in the 
main tests and an account of the results ob- 
tained for three pozzolans by a modified 
test procedure with improved reproducibility ; 
(2) two appendices, the first on inaccuracies 
in weighing as a possible source of experi- 
mental error and the second, which consists 
of statistical analysis of the data presented 
in Part II 


Neutron moisture-meter for concrete 


J. Pawtrw and J. W. T. Spinks, Canadian Journal 
of Technology (Ottawa), V. 34, 1957, pp. 503-513; 
Building Science Abstracts (London), V. 30, No. 
July 1957, p. 204 


7 
Highway Researcu ApsTrRaActs 

Feb. 1958 

A portable instrument for determining 
rapidly the total water content of a plain 
or lightly reinforced concrete member with- 
out destruction is described. The fast 
neutrons from a Ra-Be source (10 or 50 Me) 
are converted into slow neutrons by the 
water molecules and are then counted with 
a BF; tube (2-4 in. long). The meter, which 
can be handled without exposure to excessive 
radiations, from the source, is calibrated 
against concrete cylinders of known water 
content. The sensitivity is less than for the 
moisture-meter used in soils, because it is 
only placed against the surface of the concrete. 


Effect of coarse aggregate on the mode 
of failure of concrete in compression 
and flexure 
R. Jones and M. F. Kaptan, Magazine of Concrete 
Research (London), V. 9, No. 26, Aug. 1957, pp. 89-94 
Highway Researcu AsBsTRACTS 
Feb. 1958 

Experiments have been made to determine 
the flexural and compressive strengths of 
concretes containing 13 different coarse 
aggregates. Observations were made by an 
ultrasonic pulse technique to detect the 
onset of cracking prior to failure. 

The main results were as follows: concretes 
containing smooth gravels began to crack at 
lower compressive stresses than did concretes 
containing coarser-textured aggregates. The 
compressive strengths did not show such 
appreciable differences. Concretes which 
best resisted pre-cracking in compression 
also gave highest flexural strengths. 
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Revibration of concrete (Revibrering 
av betong) 

Hans Georait, Lars Ranuem, and Nits WRer.inp, 

Examensarbete vid Institutionen for Byggnadsteknik, 

KTH (Stockholm), 1956, 35 pp. 

Reviews the research on revibration effects 
on concrete, including references to United 
States, British, German, French, and Dutch 
publications. * The experimental data by the 
authors concern principally the effect of 
revibration for the improvement of bond 
strength and compressive strength for con- 
crete with various consistencies. Particular 
improvement in the bond on upper bars in 
deep members was noted. 


General 


Engineering college research review 
Engineering College Research Council, American 
Society for Engineering Education, 1957-59 Edition 
408 pp., $2 

An exhaustive analysis and location guide 
for engineering and associated science research 
activities and capabilities in 110 colleges and 
universities throughout the country. 


Exploratory fire tests with small-scale 
specimens 
Harry D. Foster, ASTM Bulletin, No. 228, Feb. 
1958, pp. 66-67 

Small-scale fire test specimens are usually 
used in perfecting new materials and con- 
struction details before resorting to the 
standard fire test for establishing acceptable 
fire-resistance ratings for use in building 
regulations. This paper points out certain 
matters which should be observed in making 
small-scale tests. 


Manual on reinforced concrete (Traité 
de béton armé Ill) 


A. Guerrin, Editions Dunod, Paris, 315 pp. 

AppLiep Mecuanics Reviews 
Feb. 1958 (Kezdi) 
Book consists of three main chapters: first 
gives short review of the soil mechanics of 
foundations; second deals with the dimen- 
sioning and design of the structural elements 
of foundations; third chapter presents some 

features of special foundation methods. 
The book is an excellent tool and manual 


for the practising engineer; many numerical 
examples and practical hints make it useful, 
especially for young designers. 
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Pocketsize Guide 
to a Big Job... 


ACI MANUAL of 
CONCRETE INSPECTION 


Third Edition 
Committee 611, Inspection of Concrete 


A comprehensive handbook with both the “why” and “how” 
of inspection, in convenient durable form. 


From concrete fundamentals to the latest developments in con- 
struction, the manual covers problems and techniques in concrete 
inspection clearly and completely. Written and bound for use at 
the construction site as well as the laboratory and design office, 
the manual is a key tool for the concrete inspector and a valuable 
aid to anyone responsible for workmanship in concrete, 


(Price $3.50—ACI Members $1.75) 


CONCRETE PUBLICATIONS 


- 
Ory P.O. Box 4754, Redford Station Detroit 19, Mich. 
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On the Cover—This 24-story apart- 
ment house in Dallas, Tex., is the sub- 
ject of Frank W. Chappel's paper on 
p. 929 of this month's JOURNAL. The 
pletely air-conditioned 102-unit 
structure makes use of lightweight 
structural concrete (strength up to 
6000 psi) reinforced with alloy steel 
bars. Precast concrete grills shown 
installed on part of the frame shield 
much of the wall and window areas 
from the sun. For the full story, read 
“High-Strength Steel and Concrete 
Result in Minimum Column Sizes." 
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Institute best seller 
how th revised edition 


ACI Concrete Primer 


Mucu IN DEMAND during the past 3 
years, the Concrete Primer, by Franklin R. Me- 
Millan, Asheville, N. C., 


appears this month in new dress—a revised edition 


consulting engineer, 
brings developments of the past three decades into 
the question-and-answer format of this long- 
popular book. Mr. McMillan, then director of 
research for the Portland Cement Association, first 
presented the Concrete Primer to the Institute at its 
1928. Later that 
year it was issued as a special ACI publication; it 


24th annual convention Mar. 1, 


also appeared in ACI Proceedings V. 24 and was 
the Wason Medal for the 
torious paper” that year. Since then the concise 


awarded “most meri- 
pocket book has gone through a dozen printings 
totaling nearly 85,000 copies printed in English 
by the Institute. 
text have been reproduced by special permission 
in Russian, 


Countless other copies of its 


Portuguese, Spanish, Scandinavian, 
and other languages. 


Book size increased 


Expanded from 48 to 80 the revised 


booklet retains the handy 4°4 x 7!5-in. page size 
. 1 2 S 


pages, 


as well as the question-and-answer form of the 


earlier work. It develops in simple terms the 
principles governing concrete mixtures, and shows 
how a knowledge of these principles and of the 
properties of cement can be applied to the pro- 
duction of permanent structures in concrete. In 
the 30 years since the first edition of the Primer, 
great improvements have been made in the ma- 
chinery and devices for preparing materials; for 
accurately proportioning the ingredients; for trans- 
porting, consolidating, and protecting the con- 
crete. However, with the single exception of the 


Continued on p. 4 
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addition of controlled amounts of entrained 
air, the fundamentals of making durable con- 
crete remain unchanged. 

Main changes in the text are thése which 
take into account the concept of air entrain- 


ment, the recognition of reactive aggregates, 


the use of several cement types, and high- 
frequency vibration in placing the fresh con- 
crete. Mr. McMillan has included notable 
progress in the manufacture of portland ce- 
ment within the past 30 years, including 
changes in chemical composition and grind- 
ing practices, use of high-early-strength 
cements; his revised work also cites the five 
cement types now specified by the American 
Society for Testing Materials. 

The section on the effect of freezing tem- 
peratures on concrete strength has been 
modified, and curing practices which regulate 
temperature and moisture are given more 





ORDER BLANK FOR 
NEW Concrete Primer 
ON PAGE 38 











attention. Reflecting the important in- 
fluence of technical advances, the section on 
mixing time has been enlarged to cover 
transit mixing and new mixer designs. 

The three-page section on air entrainment 
is entirely new, and air entrainment has 
been a significant factor in the extensive re- 
visions and enlargement of the section on 
proportioning. 


garding 


Questions and answers re- 
and increased 
considerably to include soniscope, rebound, 


and indentation tests. 


tests records have 


Franklin R. McMillan 


Honorary member of the Institute, Wason 
Medalist and long an active ACI worker, 
Franklin R. McMillan has served in various 
administrative capacities and on technical 
committees since joining ACI in 1916. He 
was president of the Institute in 1936, and 
has contributed extensively to the literature 
on concrete. Some 20 of his technical papers 
and discussions have appeared in the ACI 
JoURNAL, including the two initial chapters 
of the “Long-Time Study of Cement Per- 
formance in Concrete.” 
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Mr. MeMillan’s committee activities have 
been extensive, not only in the American 
Concrete Institute, but in the American So- 
ciety of Civil Engineers and the American 
Society for Testing Materials. An outstand- 
ing contribution was his work in connection 
with the Joint Committee on Standard Speci- 
fications for Concrete and Reinforced Con- 
crete, beginning with the second Joint Com- 
mittee in 1921 and continuing this work as 
secretary of the third Joint Committee which 
reported in 1940. 

A civil engineering graduate of the Uni- 
versity of Minnesota in 1905, he engaged in 
railroad engineering and construction, build- 
ing construction, and irrigation surveys for 
about 4 years. Mr. MeMillan then became 
an instructor and later assistant professor at 
the University of Minnesota where he be- 
came intensely interested in concrete and 
reinforced concrete. He joined the Portland 
Cement Association in 1924 as an associate 
engineer. In 1926 he became manager of the 
structural and technical bureau there, and the 
following year he became PCA’s director of 
After 20 of noteworthy 
service in that position, he became assistant 


research. years 
to the vice-president in charge of research 
and development in November, 1947. After 
a year in that capacity, he retired from the 
Portland Cement Association, and has since 
practised privately as a consulting engineer. 


Aides in Primer revision 

T. C. Powers, Portland Cement Associa- 
tion, Mr. MeMillan in 
revising the Primer, as did the following 
members of an ACI committee selected to 
read the manuscript and aid in its preparation: 
the late H. S. Meissner, U. S. Bureau of 
Reclamation; Douglas E. Parsons, National 
Bureau of Standards, Washington, D. C.; 
I. L. Tyler, Portland Cement Association, 
Chicago; Stanton Walker, National Sand and 
Gravel National Ready 
Mixed Concrete Association, Washington, 
D. C.; and C. E. Wuerpel, Marquette Cement 
Manufacturing Co., Chicago. 


Chicago, assisted 


Association and 


Primer for sale now 

The Concrete Primer is now available to 
Institute members at 50 cents per copy; 
price to nonmembers is $1. An order blank 
appears on p. 38 of the News Letter. 





From the notebook of an ACI member. 
a historical glance at some .. . . 


Pioneers in Prestressed Concrete 


By J. J. Polivka* 


The World Conference on Prestressed Concrete held 
last summer in San Francisco, with an attendance of some 
1200 participants from 43 nations, dramatized the enor- 
mous development that prestressed concrete has under- 
gone as a structural material. 


Prestressed concrete principles and advantages have 
been widely discussed and are already familiar. It seems 
appropriate to pause briefly in this advance and recognize 
some of the engineers and inventors responsible for this 
concrete progress. 


Jackson devises post-tensioning scheme 


Peter H. Jackson, a San Francisco engineer, was defi- 
nitely at the cradle of prestressed concrete. His patent 
entitled “Construction of Artificial-Stone or Concrete 
Pavements’ was filed in 1886 and granted in 1888. Essen- 
tially Jackson’s details and methods conformed with 
modern post-tensioning. Referring to prestressing rein- 
forcement as ‘“‘metallic ties,’ his specifications stated: 
“When the metallic ties are cemented to the enclosing 
material along their length, they are incorporated with 
the mass as long as they hold to it, and any pulling force 
applied at the end of the tie and compressively resisted 
by the abutting end of the beam, which is the fulerum, 
is not tensilely felt by the tie in the enclosing material 
while held to it. In order to produce tensile strain on the 
tie at a suitable distance from the ends, I use tubes or 
sleeves that will fit closely on the tie with the other end 
against the abutting plate or side of girder, the enclosing 
material at the end being cemented to the sleeves and 
the tie being free to slide inside. After the concrete 
of the beam has become hard and strong and the tie 
tensilely-strained inside of the sleeves, that part of the 
bottom of the beam is compressed and the beam strength- 
ened. These sleeves or coverings of the tie may be of any 
shape to conform to the shape of the tie, and are pre- 
ferred to be of metal, or may be any other material that 
will separate the tie from the material of the beam and 
permit it to slip through it, such as thick cloth, paper, 
blacklead, clay, ete.”’ 

During the following 10-year period, several improve- 
ments and changes in prestressing methods were patented 
by Doering, Mahal, Koenen, Lund, and others. Of 


Karl Bernhard Wettstein in 
1919 developed the idea 
of prestressing concrete for 
mass-produced _ structural 
members, received his first 
patent in 1921 


Gustave Magnel, 1889- 
1956, was professor at 
the University of Ghent, 
Belgium, developed sys- 
tems of prestressing in co- 
operation with the Blaton 
contracting firm of Brussels 


*Member American Concrete Institute, Consulting Engineer, Berkeley, Calif. 
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Franz Dischinger, 1888-1953, German 
educator and engineering consultant, 
received several patents. In 1934 he 
proposed a system using post-tension- 
ing ties, hanging in curved lines and 
externally engaging the reinforced 
concrete elements, which may be 
divided into several sections at the 
joints. Prestressing is by the dead 
weight of the structure only, without 
assuring freedom from cracks; or by 
tensioning to such an extent that free- 
dom from cracking can be guaranteed 


particular interest in the United States was 
Charles R. Steiner’s 1908 patent, 
stated: “In the various systems of rein- 
forced concrete construction previously in 
use the metallic bars have 
always been embedded in the concrete with- 
out imparting any strain during the setting 
and hardening of the concrete. In the 
initial strain 
is imparted to the tension rods, while the 
concrete is gaining the coherence and hard- 
ness within the next few hours, after being 
placed. 


which 


tension rods or 


new 
system here proposed, however, 


Since there is no appreciable bond 
the concrete and the rods at the 
start of this operation, while at the outside 
of the concrete 


between 


resistance increases, there is 
provided an anchorage at ends.” 


Wettstein active in Europe 


Unfortunately these attempts to make 
prestressed concrete applicable to larger 
scale, practical construction had little success. 
To quote Curzon Dobell who traces the his- 
tory of patents on prestressed concrete, 
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si . we must jump 20 years from 1908 to 
1928, * during which time, with one exception, 
we have no record of any technical writings 
or patents on the subject. 
K. Wettstein ... 
produced 


This exception is 
1919 
planks 


who as early as 
. prestressed concrete 

reinforced with highly tensioned wire 
Unfortunately Wettstein’s methods are men- 
tioned in several sources as the inventions of 
a German, Ewald Hoyer, who applied Wett- 
stein’s and built huge 
Germany under Nazi’s support. 


ideas factories in 


Moved by the critical lumber shortage in 
some European countries after World War I, 
Wettstein, then a general contractor in Most, 
Bohemia, conceived the idea of replacing 
the most critical boards and planks down to 
1 in. thickness with 
0.4 to 1.4 in. thick. 
duction of prestressed cross-reinforced slabs 
with two-way strength hitherto attained only 
in plywood and steel sheets. 


from 
In 1919, he began pro- 


concrete slabs 


High strength 
concrete made with special cements, admix- 


tures, and appropriate fine aggregates of 


Mechanical vibrators 
in the first factory in Most, 
and curing was done in a four-track tunnel. 


good quality was used. 


were installed 


Large sheets were put in steel crates and sub- 
The efficiency of 
high temperature curing was later also used 


merged in hot water tanks. 


by Eugene Freyssinet, one of the most original 
and scientific pioneers in prestressed concrete. 

The importance of very thin wires was em- 
phasized in Wettstein’s 1921 patent, and in 
“Bond 
is increased approximately 100 percent if a 


1923 his commercial literature stated, 


wire of certain diameter is replaced by four 
wires of half thickness.” 
Wettstein 


In the early stages, 


was using special mechanical 


*In The Principles of Prestressed Concrete by P. W. 


Abeles (Frederick Ungar Publishing Co., New York 
1949), the work of R. H. Dill, Alexandria, Neb., is 
cited. He “ . appears to have been the first, in 
1923-25, to propose that this should be cs arried out by 
“post- tensioning. 

‘In Dill’s system, bonding between the concrete 
and its reinforcement is prevented by coating the latter 
with a plastic substance, and the stretching process is 
carried out after the greater part of the shrinkage has 
taken place, thus largely avoiding the loss of pre stress 
which rendered the earlier proposals ineffective .. . 

The reader who wishes to explore further will want to 
refer to Dobell's paper, ‘Patents and Codes Relating to 
Prestressed Concrete,"’ ACI Journnat, May 1950, Proc. 
V. 46, pp. 713-724. Mr. Dobell has commented on the 
work of Dill. Mr. Polivka’s discussion of the Dobell 

, ACI Journat, Part 2, Dec. 1950, Proc. V. 46, pp. 
‘ provides more detail on the work of 


W ettstein.—Epiror 





Paul W. Abeles, London, 
active as a consulting en- 
gineer today, has made 
numerous contributions to 
prestressed concrete theo- 
ry, particularly in the field 
of “partial” prestressing 


Mr. Polivka stands on a 12 
in. wide, 3/8 in. thick, pre- 
stressed concrete plank of 
4-ft span—no noticeable 
deflection. The board, 
shipped transcontinentally 
without wrapping or pro- 
tection against damage, 
arrived in perfect condition 
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equipment for prestressing 0.05-in. wires with 
ultimate strength of 370,000 psi. Later, wires 
of lower strength—200,000 to 285,000 psi 

proved more economical. Numerous tests 
were made of Wettstein’s product in Europe, 
including load tests by the author at the 
Technical Prague in 1924. 
Slabs 20 x 80 in., with the roof purlins spaced 
at 40 in., showed their first fissures under a 


University of 


live load of 88 psf, and failure occurred under 
165-psf load. 


Slabs with insulating cores 


In 1925 Wettstein began manufacture of 
with insulating cores of 
lightweight foam, pumice, or slag concrete. 
Both the upper and lower layers of the slab 
1934 
the author participated in tests of panels of 
this type, 6.5x 1.6 ft, with a 1.2 in. thick 
insulating layer, and top and bottom pre- 
thick. Forty- 
eight high strength wires of 0.035-in. diam- 


prestressed slabs 


were prestressed in two directions. In 


stressed sheets only 0.3 in. 


eter were used longitudinally in upper and 
lower sheets; 25 were used transversely in 
both The first fissure appeared in 
these panels at a uniformly distributed live 
load of 86 psf, and failure was at 230 psf. 


sheets. 


Long-term performance 

In one large factory in Duchcov, Bohemia, 
built in 1927, roof plans were tested after 17 
that the original 
230,000 psi prestress had been practically 
maintained. 


years, results indicating 
Similar good performance has 
been reported in other locations. The roof of 
Wettstein’s original Most was 
dismantled in 1942 after 20 years of service. 
These the 


cracks, and no rusting was noticeable on the 


factory in 


boards showed not slightest 


extracted wires. 


Partial prestressing 

Partial prestressing was invented by the 
late Fritz Emperger, internationally known 
consultant and former professor at the Tech- 
nical University of Vienna, who was elected 
to honorary membership in the American 
Concrete Institute in 1932. Certain im- 
provements in partial prestressing were pro- 
posed by Paul W. Abeles, London. Dr. 
Abeles, Eugene Freyssinet, and the late 
Gustave Magnel are the three authors who 
have contributed to basic developments and 
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SLAB COMPOUNDS 


~~ 


>  —-_ 
**Multi-story, Lift Slab Job"’ 


300 Y-S 400 Y-S 500 Y-S 


Techkote Company developed the original curing and bond-breaking 
agent used successfully during the early testing phases of the Youtz-Slick 
Lift Slab Method of Construction. This compound is known as Techkote 
Lift Slab Compound 300 Y-S. As additional requirements for special treat- 
ments became apparent, Techkote Company developed Techkote Lift 
Slab Compound 400 Y-S and Techkote Lift Slab Compound 500 Y-S. 

It is highly essential in casting these large slabs that maximum strength 
concrete be produced. Four basic requirements to obtain this are: correct 
mix-design, thorough mixing, workmanlike placing and proper curing. 
Techkote Lift Slab Compounds produce this proper curing. They comply 
with leading Governmental Specifications. 


TECHKOTE LIFT SLAB COMPOUND 300 Y-S Wax-base compound. Provides 
excellent cure and bond-breaking at low cost. Is effective on all surfaces 
including floated, broomed, etc. 

TECHKOTE LIFT SLAB COMPOUND 400 Y-S Wax-free compound. Produces 
a tough film that provides excellent cure and bond-breaking and is resist- 
ant to rainfall and abrasion. Film is compatible with good quality ad- 
hesives, paints, etc. 

TECHKOTE LIFT SLAB COMPOUND 500 Y-S Wax-free compound. Leaves a 
minimum film that provides good cure and bond-breaking. Film weathers 


away quickly. Requires a minimum of preparation for painting, placing 
tile, etc. 


YRCHWKOTE Gy SOWPANY 


Mp b 


—ua 828 eR Pee eaé vy & ® 


600 LAIRPORT STREET, EL SEGUNDO, CALIFORNIA 
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applications of prestressed concrete with the 
largest number of publications in several 
languages, on the basis of records in ACI’s 
“Prestressed Concrete Bibliography.” 
Magnel was formerly professor at the Uni- 
versity of Ghent, Belgium, noted as consult- 
ing engineer of the Walnut Lane Bridge in 
Philadelphia, the first prestressed concrete 
bridge built in the United States in 1949. 
Eugene Freyssinet, eminent structural 
engineer, conceived some of the basic prin- 
ciples of prestressed concrete more than a half 
century ago, as he remarked in a letter to the 
writer in 1951: “I would like to state—as I 
used to say in the past when much less atten- 
tion was given to my ideas than today 
that the essential characteristics of prestressed 
concrete to which its remarkable properties 
are due do not depend on prestressing of steel 
reinforcements, neither on previous com- 
pression of concrete in the tension zones, 
because both conditions can exist, at least 
to a certain extent, without attaining the 
essential properties of prestressed concrete. 
These properties are uniquely due to an 
exactly determined intensity of compression 
in the concrete, to the condition of inequality 
which lets re-enter all possible strains within 
the elastic margin. These are essential 
characteristics which I have expressed in 
1928 after my patient efforts of emphasizing 
an idea conceived already in 1903, an idea 
that I investigated experimentally 
with a tensioned tie in prestressed concrete.” 


have 


Leaders and followers in the development 


of prestressed concrete are becoming in- 


Fritz von Emperger, 1862-1942, na- 
tive of Bohemia, is credited with in- 
vention of partial prestressing. He 
served as professor at the Technical 
University of Vienna, founded Beton 
und Eisen (the predecessor of Befon- 
und Stahlbetonbau) more than 50 years 
ago, was editor of a 20-volume 
encyclopedia of reinforced concrete. 
Dr. Emperger was elected to honorary 
membership in the Institute in 1932 


creasingly numerous. Developments in the 
United States during the past decade have 
probably been more rapid than anywhere else 
in the world, even though the material was 
relatively unused here prior to 1949. The 
present remarks are not intended as a com- 
plete history . . . rather they highlight some 
of the advances with which the writer is most 
familiar. 





program. 


up each convention session. 





LOS ANGELES IN °39 


ACI's Technical Activities Committee is already looking forward to the 1959 convention in 
Los Angeles; program plans are taking shape. 


Those who intend to offer papers for presentation at the 55th annual meeting should write 
to Institute headquarters before July 1, furnishing a synopsis which should make clear the scope 
of the proposed paper and indicate features that the author thinks will justify its inclusion in the 


Contributors should have preliminary drafts of manuscripts in the hands of the 
Technical Activities Committee for appraisal and acceptance by Sept. 15, 1958, and final manu- 
scripts of accepted papers will be due Jan. 1, 1959. 


From the replies received and suggestions from other sources, TAC will select papers to make 


Write Institute headquarters NOW about the papers YOU want to 
see on the 1959 program. 
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Expanded coated shale aggregate 


used in lightweight concrete for 


Pacific Pipelines 


Two PIPELINES of reinforced concrete 
reach over 1800 ft into the Pacific Ocean to 
circulate a maximum of 352,000 gal. per min 
of sea water completely through the condensa- 
tion system of Southern California Edison 
Co.’s new steam generating plant at Hunting- 
ton Beach, Calif. The concrete pipelines are 
made of 16 ft long sections, each having a 
14-ft inside diameter. There are 230 of these 
pipe sections used on the job, and each section 
weighs 50 tons. Ordinarily, sections of this 
size would weigh approximately 75 tons, but 
by using lightweight aggregate concrete, the 
weight was reduced a third, and approxi- 
mately one-third of the cost of laying the pipe 
was cut. Had standard concrete been used 
instead of lightweight concrete, it would have 
meant building and using costly special equip- 


ment to lay the pipe. Savings resulting from 
the large cost difference between timber and 
steel pilings for the laying cranes was said to 
more than justify the additional cost of the 
lightweight concrete. 


Lightweight mix developed 


Experience gained during the famous con- 
crete shipbuilding programs of World Wars 
I and II prompted the suggestion to use 
It had been 
learned that such concrete would withstand 


lightweight concrete aggregate. 


the action of sea water and possess the required 
permeability characteristics. 
a number of smaller diameter lightweight 
sections, the pipe manufacturer developed a 
suitable lightweight mix and manufacturing 


After casting 


procedure that would produce pipe meeting 


Pipe being lowered into the 
ocean with a special hoist. 
Once in the water, effective 
weight of the giant pipe was 
reduced to less than 27 tons 





NEWS LETTER 


D-load and static head tests. The concfete 
mix also met the other design criteria for the 
subaqueous pipe. These were: (1) an ulti- 
mate 28-day compressive strength of 4000 psi; 
(2) a density of the cured concrete not to 
exceed 100 lb per cu ft; (3) a drying (curing) 
shrinkage not to exceed 0.05 percent. 


i at Ue eo 


in 


Pipe design 
and structural strength 


/ 


AS 


The pipe diameter occasioned many re- 
lated production problems. 


AY? e | iV 


New pipe designs 
had to be worked out; the pipe had to be 


S 
WAY 


cast with a special reinforcing steel cage, and 
special bracket fittings for the laying cranes 
had to be made. 


Specifically, the pipe is noncylindrical with 
bell-and-spigot type joints. 
was used for closure. 
reinforcement 
The 


provides that 


A rubber gasket 
Two concentric steel 
cages are cast into each pipe 
section. structural design of the pipe 
stress in the reinforcing steel 
will not exceed 12,500 psi when the pipe is & 
subjected to its maximum internal design 

pressure, nor will it exceed 18,000 psi when 

subjected to maximum possible stresses of the 

combined internal pressure 


and external 


loadings. 


Transportation problems 


To transport the pipe from the manufac- 


turing plant in South Gate to Huntington 
Beach 32 miles away, it was necessary to 
design a trailer which would meet California 
highway specifications. A rig specially built 
by Utility Trailer Corp., had two trailer 
extensions which spread the weight of the 
pipe section along 99 ft of road, cushioned on 


42 tires, to prevent damage to the highway 


The first job in laying the pipeline was 
building a trestle out over the water for laying 
cranes big enough to handle the 14-ft diameter 
pipe. Then, excavation problems proved 
difficult. Ocean surges complicated laying 
the pipe beneath the ocean floor. After the 
pipe was lowered into the water and secured 
in position, sand was backfilled around it to 
bury the installation 5 to 8 ft below the level 
of the ocean floor. Once the pipe was sub- 
merged in the water, the buoyancy of the 
lightweight aggregate was manifest . . . the 
pipe’s handling weight dropped from 50 tons 


Lightweight concrete used in these 14 ft 
diameter pipes made possible a consid- 
erable saving in the cost of installation 


to less than 27 tons, permitting easier position- 
ing and handling. (Pipe composed of standard 
aggregate would have weighed 53 tons when 
submerged, almost twice 
weight of the pipe used.) 


the submerged 


Design and construction 

The steam generating plant was designed 
by Bechtel Corp., in collaboration with the 
engineering department of Southern Califor- 
nia Edison Co. The pipe sections 
developed and manufactured by American 
Pipe and Co., South Gate, 
Calif., using as lightweight aggregate a coated 


Rocklite 


were 


Construction 


expanded shale manufactured by 
Products, Calif. Maceo Corp., 
Paramount, Calif., was awarded the heavy 
construction contract for laying the pipe. 


Ventura, 
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ACI technical committee 
chairman 

Three new committee chairmen were ap- 
pointed for 3-year terms, effective Feb. 26, 
1958, with the former committee chairmen 
remaining as members of the respective com- 
mittees. 


Committee 209, Volume Changes and 
Plastic Flow in Concrete 
William R. Lorman 
U.S. Naval Civil Engineering Research and 
Evaluation Laboratory 
Port Hueneme, Calif. 


Committee 216, Fireproofing or 
Protection of Structures 
C. C. Carlson 
Portland Cement Association 
Chicago, Ill. 


Fire 


Committee 312, Plain and Reinforced 
Concrete Arches 

Boyd G. Anderson 

Ammann and Whitney 

New York, N. Y. 


Chairmen of the following committees, 
which have standards or reports pending, 
were reappointed for 1 year: Committee 207, 
Properties of Mass Concrete, headed by I. L. 
Tyler, Portland Cement Association, Chicago; 
Committee 208, Bond Stress, with C. P. Siess, 
University of Illinois, Urbana, as chairman; 
Committee 317, Reinforced Concrete Design 





ACI TECHNICAL COMMITTEES 
will be featured in the June News 
Letter with an up-to-date list of all 
committees and members. This will 
supersede the committee informa- 
tion in the 1957 ACI DIRECTORY. 











Handbook, and Committee 323, Prestressed 
Reinforced Concrete, both headed by Thor 
Germundsson, Portland Cement Association, 
Chicago; and Committee 324, Precast Rein- 
forced Concrete, Thin Sections, with chairman 
Arsham Amirikian, Bureau of Yards and 
Docks, Department of the Navy, Washington, 
D.C. 

E. A. Finney, Michigan State Highway 
Department, East Lansing, continues as 


May 1958 


chairman of Committee 325, Structural De- 
sign of Concrete Pavements for Highways and 
Airports. Committee 617, Specifications for 
Concrete Pavements and Bases, retains chair- 
man H. F. Clemmer, Government of the Dis- 
trict of Columbia, Washington, D. C., and 
Harry Elisberg, Giffels and Rossetti, Detroit, 
continues as head of Committee 622, Form- 
work for Concrete. L. M. Legatski, Uni- 
versity of Michigan, Ann Arbor, will serve 
another year as head of Committee 711, Pre- 
cast Floor Systems for Houses. 


ACI technical committee 
appointments 

Listed below are committee members who 
have recently accepted appointment to ACI 
technical committees. 
pointments only. 


Included are new ap- 


Committee 115, Research 
J. C. McCoe 
Pittsburgh Coke and Chemical Co. 
Pittsburgh, Pa. 


Committee 212, Admixtures 
M. Jack Snyder 
Battelle Memorial Institute 
Columbus, Ohio 
R. C. Valore, Jr. 
Texas Industries, Inc. 
Dallas, Tex. 
L. P. Witte 
U.S. Bureau of Reclamation 
Denver, Colo. 


Committee 213, Properties of Lightweight 
Aggregates and Lightweight Aggregate 
Concrete 


Lucas E. Pfeiffenberger 
Expanded Clay and Shale Association 
Alpena, Mich. 


Committee 314, Rigid Frames for Build- 
ings and Bridges 

Frank Baron 

University of California 

Berkeley, Calif. 

Richard C. Elstner 

Portland Cement Association 

Chicago, Ill. 


Continued on p. 16 
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FIELD PROVEN ECONOMY 


in all phases of Concrete Placement! 


PROTEX Dispersing Agent... 


PDA increases strength at any age through water reduction and 
cement dispersion, ——— ail the desirable characteristics of 
concrete, giving a “live” concrete with protection against “hot 
slump loss and segregation—allows the placing of con- 
trolled durable air entrained concrete without plastic shrinkage 
cracks. PDA is a selective initial retarder—retarding only the initial 
set of concrete for extended vibration and finishing time (not 
delaying form stripping time) YET it gives no retardation in winter 
concreting — thus year around benefits are obtained with “all 
season” PDA. 
PDA ... packaged in a durable bag . . . comes to Proven, Dependable, Adaptable 
yee fe convene powder form 28 - easily gine ot Proven in the field ... PDA insures the successful 
<‘ e ond economical placement of better quality 
concrete! 
Dependable—YES! Proof positive from Govern- 
ment and private projects. Also backed by the 
world-known and world-respected PROTEX nome! 
Adaptable to any need... PDA improves any 
Pre-stressed, Slip-form, Light-weight, Tunnel- 
lining, Tilt-up or Lift-slab concrete project! 
PDA's basic material is purified and desugared 
having been field tested and proven over past 
years giving you all the well known benefits — 
greatest water reduction — cement dispersion — 
moximum workability and durability — plus 
PROTEX economy and reliability. 





P sae Pp 
able upon request. 


FOR BETTER AND MORE ECONOMICAL PLACEMENT OF CONCRETE, 
SPECIFY AND USE PDA...FROM THE MAKERS OF PROTEX! 


co---o- - _-— = <= - 


; . eK 
j Please send new, informative FREE booklet “PDA - Protex | 

This is the Breed Plant of the Indiana-Michigan Electric j Ctpenting Aguas 
Company at Sullivan, Indiana, where over 55,000 cu l 
yds of concrete with PDA are being successfully placed. | 


Firm Nome 

Attention of: wei 

AUTOLENE LUBRICANTS COMPANY [See 
industrial & Reseorch Division ........ 


1331 WEST EVANS AVENUE DENVER 9, COLORADO om Reg. 
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; Simple Way to 
EXPOSE CONCRETE 
AGGREGATE 


... Use RUGASOL 


You will find that exposing concrete aggregate with Sika 
Rugasol is simple because it eliminates the need for 

costly chipping, hacking or sandblasting. There are 

two types of Rugasol: 

RUGASOL F ... is painted directly on formwork. When 
forms are stripped (in 2 to 5 days), the retarded mortar is 
removed with a jet of water or stiff brush. 

RUGASOL C ... is applied on the surface of freshly placed 
concrete. On the following day, the retarded surface 
mortar is removed with a jet of water or stiff brush. 


For complete information on Rugasol, call or write for 
Bulletin RG-S58: 





SIKA CHEMICAL CORPORATION 


PASSAIC + NEW JERSEY 





DISTRICT OFFICES: ATLANTA * BOSTON * CHICAGO © DALLAS © DETROIT © PHILADELPHIA © PITTSBURGH * NEW ORLEANS 
SALT LAKE CITY * WASHINGTON, D.C. —- DEALERS IN PRINCIPAL CITIES — AFFILIATES AROUND THE WORLD 
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Continued from p. 13 
Committee 315, Detailing Reinforced 
Concrete Structures 
E. G. Odley 
Bureau of Yards and Docks, Department of 
the Navy 
Washington, D. C. 
Committee 318, Standard Building Code 
Charles S8. Whitney 


Ammann and Whitney 
New York, N. Y., and Milwaukee, Wis. 


Committee 324, Precast Reinforced Con- 
crete, Thin Sections 

Ernst Gruenwald 

Lone Star Cement Corp. 


New York, N. Y. 


Committee 331, Structures of Concrete 
Masonry Units 

R. O. Hedstrom 

Portland Cement Association 

Chicago, IIl 


Committee 332, Recommended Practice 
for Residential Concrete Work 
Arthur Moy 
City of Detroit, Department of Buildings 
and Safety Engineering 
Detroit, Mich. 


Committee 401, Specifications for 
Structural Concrete 

John J. Manning 

Concrete Industry Board 

New York, N. Y 

Peter G. Keller 

Specification Writer 

Ottawa, Ont. 


Committee 614, Recommended Practice 
for Measuring, Mixing, and Placing 
Concrete 
M. R. Smith 
Office of Chief of Engineers, Department 
of the Army 
Washington, D. C. 


Committee 623, Specifications and 
Practice for Foamed Concretes 
Frank Erskine 
Expanded Shale, Clay and Slate Institute 
Washington, D. C. 


Paul O. Freeman 
Dominion Tar & Chemical Co. 
Montreal, Que. 


Ernst Gruenwald 

Lone Star Cement Corp. 
New York, a # 

W. C. Hansen 

Universal Atlas Cement Co 
Gary, Ind. 

Eugene R. Jolly 

Cellular Products, Inc. 

Los Angeles, Calif. 

George Kalousek 
Owen-Illinois Glass Co 
Toledo, Ohio 

L. M. Legatski 

University of Michigan 
Ann Arbor, Mich. 

Albert Litvin 

Armour Research Foundation 
Chicago, Ill. 

Michael Smolin 

Mearl Manufacturing Corp. 
toselle Park, N. J 


Committee 716, High-Pressure Steam 
Curing 


D. W. Lewis 
National Slag Association 
Washington, D. C. 


Committee 805, Application of Mortar by 
Pneumatic Pressure 


Elmo C. Higginson 

U. 8. Bureau of Reclamation 
Denver, Colo. 

Raymond J. Schutz 

Sika Chemical Corp. 
Passaic, N. J. 

John Simmons 

Pressure Concrete Co. 
Florence, Ala. 

R. J. Sweitzer 

Lock Joint Pipe Co. 

East Orange, N. J. 

Max True 

True Gun-All Equipment Corp. 
Tulsa, Okla. 

Glen Vinson 

Vinson Construction Co. 
Phoenix, Ariz. 

Stanley G. Zynda 

Gunite Contractors Association 
Los Angeles, Calif. 
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KEEPS DUST AND COMPLAINTS DOWN 


Dust caused by heavy equipment, earthmoving, and other work creates 
public relations problems. Municipalities, near-by residents, and traffic 
don’t like it. Your own crews don’t like it. Efficiency goes down, and op- 
portunities for costly accidents are opened. 

Construction site dust can be controlled very inexpensively with Columbia 
Calcium Chloride. This “thirsty”? chemical absorbs moisture from the air 
to keep soil slightly damp. Spread it through and immediately around 
working areas, in parking spots, and over detours and by-passes. 

Columbia Calcium Chloride works just as effectively for stabilizing road 
shoulders and dense-graded aggregate bases. Traffic-bearing surfaces are 
ready much faster, and materials are preserved. 

Structural concreting schedules can be cut days when Columbia Calcium 
Chloride is part of the ready mix. Initial and final set meet strength 
specs up to twice as fast as untreated concrete. Finishers aren’t held up, 
forms can be pulled for the next job. 

Contact your nearest Columbia-Southern District Sales Office today for 
quick delivery. 


COLUMBIA-SOUTHERN CHEMICAL CORPORATION 


A Subsidiary of Pittsburgh Plate Glass Company 


One Gateway Center, Pittsburgh 22, Pennsylvania Available in two forms 
DISTRICT OFFICES: Cincinnati, Charlotte, Chicago, Cleveland, Boston, New York a Test Flake (94- 
St. Louis, Minneapolis, New Orleans, Dallas, Houston, Pittsburgh, Philadelphia os Sees) oon Se 


lar Fl 77- 
San Francisco. IN CANADA: Standard Chemical Limited ao 
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Positions and Projects 





Bloodgood and Nielsen named 
by USBR 


Grant Bloodgood has been named assistant 
commissioner and chief engineer of the U.S 
Bureau of Reclamation at the Denver engi- 
G. 
appointed associate chief engineer. 


Nielsen has been 

These 
the 
assistant 


neering center, and E. 
appointments were effective upon re- 
tirement of L. N. McClellan 
commissioner and chief engineer on Feb. 28, 


as 


when he completed 46 years of service with the 
Bureau of Reclamation. 

Both Mr. Bloodgood and Mr. Nielsen are 
USBR Mr. 
Bloodgood since 1920 and Mr. Nielsen since 
1934. 

Mr. Bloodgood, an ACI member since 1948, 
his engineering degree from the 
University of Nebraska in 1920. He worked 
1920 to 1925 and then 
engaged in private engineering work for 4 
His 
services include key assignments on the con- 
struction of the Hoover Dam, All-American 
Canal, and Shasta Dam. 


long-time career employees, 


received 
for the bureau from 


years, returning to the bureau in 1929. 


He has been asso- 
ciate chief engineer since January, 1954. 

Mr. Bloodgood co-authored a paper with 
Lewis H. Tuthill entitled “Responsibilities of 
An Inspector’? which was published in the 
March 1957 JourNAL. He recently was ac- 
corded the Distinguished Service Award, the 
highest honor the Department of the Interior 
can bestow. 

Mr. Nielsen obtained his BS degree in engi- 
neering from the University of Iowa in 1926. 
After working with private utilities and the 
Public Service Commission of Missouri, he 
joined the Bureau of Reclamation as assistant 
engineer in Denver in 1934. He had been 
assistant commissioner in Washington, D. C., 
since 1955. 


Upson receives Cornell award 


Maxwell M. Upson, chairman of the board 
of Raymond Concrete Pile Co., New York, 
recently received the first alumni 
Alumni 
Presentation 


annual 
achievement award of the Cornell 
Association of New York City. 
of the award, an illuminated scroll, was made 


by Deane W. Malott, president of Cornell 


University. Distinguished as a foundation 


Mr. 


completed a half century of continuous service 


and harbor engineer, Upson recently 
with the Raymond firm. 

Mr. Upson has been an active ACI member 
since 1912. He was president of the Institute 
in 1926, has served on ACI’s Board of Direc- 
tion and technical committees, and has con- 
tributed several technical papers for JouRNAL 


publication. 


ACI participates in concrete 
conferences on several campuses 


University of North Dakota 

The College of Engineering, University of 
North Dakota, sponsored its fifth annual con- 
March 12-13 the 
campus at Grand Forks in cooperation with 
the Institute, Portland 
Cement Association, Associated General Con- 
of North Dakota, North Dakota 
Association of Architects, the North 
Dakota Society Professional Engineers 
The conference was attended by 200 
persons in the construction industry interested 


crete conference on on 


American Concrete 
tractors 
and 
of 


over 


in the production of quality concrete. 
ACI among the 
speakers who presented talks on practical 


Several members were 
procedures, techniques, and problems of pro- 
ducing better concrete: Clayton L. Davis 
director of technical service division, Universal 
Atlas Cement Co., New York, spoke on fac- 
of 
test specimens; John H. Banker, regional con- 
PCA, Chicago, 
cussed residential and industrial floor construc- 
Willis A. 
Minneapolis, spoke on ‘“‘New Developments 
in Concrete Design and Construction—Shell 
and Folded Plate Roofs’’; Paul F. Rice, ACI 
technical director, spoke on admixtures for 


tors affecting strength results concrete 


struction consultant, dis- 


tion; Jacus, consulting engineer, 


concrete. 


Montana State College 

Approximately 100 
the quality concrete conference conducted 
Mar. 24-45, 1958, by the departments of 
architecture and civil engineering of Montana 


individuals attended 
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State College, Bozeman, in cooperation with 
the American Concrete Institute, Montana 
Chapter American Institute of Architects, 
Montana Section American Society of Civil 
Engineers, Associated General Con- 
America (Montana 
Other cooperating sponsors were National 
Ready Mixed Concrete Association, Montana 
Ready Mixed Concrete Association, 
Portland Cement Association. 

Among the topics discussed were funda- 
mental properties of portland cement and 
concrete, 


and 


tractors of chapter). 


and 


concrete structures on the inter- 
state highway program, concrete testing and 
construction practices, advantages of air 
entrainment, and the construction outlook for 


1958. 


University of Missouri 

A structural concrete conference was con- 
ducted Apr. 11-12, 1958, at the University of 
Missouri, Columbia. The conference, spon- 
sored by the university’s college of engineering 
in cooperation with ACI and PCA, featured 





20% Discount 


Bound Volume 55 


of ACI Proceedings will cost only 
$6 if paid for before June 15. 
Regular member price is $7.50. 
Advance order price to nonmember 
subscribers is $7.20; to nonmembers 
who are not subscribers, $16.80; 
regular prices are $9 and $21, 
to the latter two, respectively. 


ACI Publications Department 











structural 
concrete, ultimate strength design, and thin 
shells and folded plates. Attendance totaled 


design problems in prestressed 


some 150 persons. 

A number of ACI members were speakers 
on the program including: A. A. Brielmaier, 
Washington University, St. Louis, who pre- 
sented the opening technical talk of the con- 
ference on basic principles of prestressed con- 
crete; E. J. Critzas, Missouri Prescrete, Inc., 
Overland, spoke on production of prestressed 
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concrete followed by Adrian Pauw and John 
E. Breen, both of the University of Missouri, 
describing a testing program for a 
stressed concrete bridge. 

The April 11 
presided over by Sabri Sami, University of 
Missouri. At 


Portland Cement Association, Chicago, spoke 


pre- 


afternoon session on was 


this assembly Leo Corning, 
on “Ultimate Strength Design of Reinforced 
Why How.” Paul Rice, 
American Concrete Institute, based his talk 
on the ultimate strength design and the new 
ACI Building Code. 

Ivan Viest, American Association of State 
toad Test, Ottawa, IIl., 
spoke on shear strength of reinforced concrete 
without and Narbey 
Khachaturian, University of Illinois, Urbana, 
presented “‘The Relationship Between Design 
Criteria at Working Loads and at Ultimate.’’ 

Milo Ketchum Konkel, 
Denver, opened the April 12 session with a 


Concrete and 


Highway Officials 


web reinforcement, 


Ketchum, and 
talk on folded plate construction, followed by 
Dutton Biggs, Portland Cement Association, 
Kansas City, who discussed progress in thin 
shell construction 


Hennegar elected 
Maguire vice-president 

G. H. Hennegar was recently elected vice- 
president of Walter Maguire Co., Inc., New 
York. He joined the firm in 1950 and was 
formerly assistant to the president in charge 
Mr. Hennegar Is a 
graduate of the University of Lllinois 
attended the Harvard Graduate School 


of sales and distribution. 


and 


Lipkind named chief chemist 
Henry Lipkind has been appointed chief 

chemist at the Belleville, N. J., 

Inc. Mr. 


plant of L. 


Sonneborn Sons, Lipkind joined 
Sonneborn in 1946. 

A graduate of New York University, he 
pursued graduate studies at the Universit, 
of Minnesota, Iowa State College, and Poly- 
technic Institute of Brooklyn. During ex- 
tensive travels throughout the United States 
and abroad he has lectured on materials for 
holds 
patents in the fields of silicones and cements. 
Mr. Lipkind has been an ACI member since 
1952. 


construction and maintenance, and 





NEWS 


Proposed world construction 
program 

An exploratory conference held at North- 
western University, Evanston, Til., has con- 
firmed plans for a World Construction Pro- 
As outlined by the temporary chair- 
Howard T. Fisher, 


Chicago architect and visiting professor at 


gram. 
man of the conference, 
Northwestern, the basic objective of the pro- 
gram is to advance technical progress and 
sound public relations in the construction in- 
dustry. 

Some 300 engineers, architects, educators, 
and constructors attended the planning meet- 
ing in December. As the result of prelimi- 
nary discussion, the group envisioned a pro- 
gram extending over a 5-year period with a 
World 1961 
which would review and appraise the activi- 


Construction Congress during 
ties carried out. 

Sponsors of the meeting were the American 
Institute of Architects, 
of Civil 


the American Society 
Northwestern Uni- 
versity Technological Institute. 


Engineers, and 


Sika organizes Canadian 
affiliate 

Sika Chemical of Canada, Ltd., a wholly 
affiliate of Chemical 
Passaic, N. J., has been formed. The corpora- 
A. Schenker, president; 
Emil Schmid, vice-president; A. G. Clauson, 
Moore, 
The new company’s main officers are in 
Toronto. 


owned Sika Corp., 


tion’s officers are: F. 


treasurer; and Stanley J. manager. 


Milsom elected Exchange 
president 

Elected as 1958 president of The Builders’ 
Exchange at its 60th annual meeting held in 
Montreal, Gerald Milsom has had many years 
of experience as an officer and member of the 
exchange 

Mr. Milsom has been in the construction 
industry since 1927. In 1946 he organized 
Metallicrete Floor Co., Ltd., a firm of concrete 
floor specialists, of which he is president. 
Active in a number of civic and professional 
organizations, Mr. Milsom currently is chair- 
man of ACI Committee 402, Concrete Floor 
Finishes. 


ee ee 
Wayne Woolley 


Wayne R. Woolley, engineer for 
Steel Division of Republic Steel 
Corp., died March 11 in Youngstown, Ohio. 


civil 
Truscon 


Mr. Woolley, a graduate of the University 
of Illinois, was a member of the Highway Re- 
search Board and the American Society for 
Metals 
1946. 


He became an Institute member in 


Joseph Sterling Kinney 


Joseph Sterling Kinney, head of the struc- 
tural engineering division at Rensselaer Poly- 
technic Institute, Troy, N. Y., died January 
29. He had devoted most of his career to 
service at Rensselaer. 

Dr. Kinney received his undergraduate and 
RPI, but did 
graduate work in structures at the University 
of Michigan. 


graduate degrees at some 
He was a design engineer with 
American Bridge Co. for several years and 
did some consulting work, but his primary 
interest was teaching. Dr. 
ACI in 1947 


Kinney joined 


Walter H. Weiskopf 


Walter H. Weiskopf, prominent consulting 


structural engineer, died January 26 in New 
York. A partner in Weiskopf and Pickworth, 
New York, he participated in the design of 
numerous well known buildings. 

Mr. Weiskopf worked 9 years in the design 
departments of U.S. Steel and Carnegie Steel 
companies before joining Weiskopf and Pick- 
worth. Recent structures for which he served 
as consultant include the 52-story Union Car- 
bide building and the 60-story Chase Man- 
hattan Bank building now under construction 
in New York; Lever House; the new United 
States Senate office building; Manufacturers 
Trust Co. bank building in New York; and 
the Ford Motor Co 
Dearborn, Mich. 

During World War II, Mr. Weiskopf 
served as head engineer of the New York 
He was a 1920 
civil engineering graduate of Rensselaer Poly- 
technic Institute, and had been an Institute 
member since 1946. 


staff office building in 


District, Corps of Engineers. 
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add extra years of life to concrete with 
CLINTON WELDED WIRE FABRIC 


Experienced contractors know that 
fabric-reinforced concrete lasts 
longer. And over the years it looks 
better and requires much less main- 
tenance than unreinforced concrete. 
Fabric-reinforcement gives these ad- 
vantages because it adds the tensile 
strength of steel to concrete... resists 
the heaving and cracking caused by 
temperature extremes and moisture 
content ... minimizes cracking dur- 
ing setting . . . and distributes stress 
evenly in all directions. 


Even if a crack does develop, the 
fabric holds it tightly together, pre- 


WHEN THEY ASK... 4 
tJ 
"4 it Ru 
SAY YES...WITH 


serves the smooth surface, and re- 
tards further lengthening of the crack. 
No other type of reinforcement is so 
easy to install, yet gives so much 
extra strength for so little cost. 

Clinton Welded Wire Fabric is a 
top-quality product that is readily 
available in both East and West, ina 
wide variety of gages, lengths and 
widths. On your next job, add the 
tensile strength of steel with Clinton 
Welded Wire Fabric, and rest as- 
sured that you’ve built a concrete 
surface that will last longer with 
minimum maintenance. 


CLINTON 


WELDED WIRE FABRIC 
THE COLORADO FUEL AND IRON CORPORATION 


THE COLORADO FUEL AND IRON CORPORATION—Albuquerque + Amarillo + Billings+ Boise « Butte+ Denver+ EI Paso - Ft. Worth 
Houston + Kansas City + Lincoln + Los Angeles + Oakland + Oklahoma City + Phoenix + Portland + Pueblo + Salt Lake City 
San Francisco + San Leandro + Seattle - Spokane + Wichita « WICKWIRE SPENCER STEEL DIVISION—Atlanta + Boston + Buffalo 

Chicago + Detroit + New Orleans + New York + Philadelphia + CF&l OFFICES IN CANADA: Montreal + Toronto 
CANADIAN REPRESENTATIVES AT: Calgary + Edmonton + Vancouver + Winnipeg 6085 
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Travel grants for scientists 

The National Science Foundation is auth- 
orized to provide a limited number of travel 
grants for the purpose of assisting qualified 
scientists who wish to attend certain con- 
ferences, congresses, and other meetings of 


held 


with research in the sciences. 


scientists abroad which are concerned 
Decisions will 
be made by the foundation concerning specific 
meetings for which travel support can be ex- 
tended. 
Physical scientists, mathematicians, and 
engineers who wish support to attend inter- 
national meetings concerned with subjects 
in the physical sciences should submit applica- 
tion forms for financial assistance prior to 
June 30 for travel and 
March 31, and prior to December 31 for 
travel between April 1 and September 30. 


Requests for 


between October 1 


application forms should be 
to Assistant Mathe- 
matical, Physical, and Engineering Sciences, 


addressed Director for 
National Science Foundation, Washington 25, 
D.C. 


Hercules, Peerless and 
Riverside merge 
The Cement 
organized as the result of the merger of 
Hercules Cement Corp., Philadelphia, Peerless 
Cement Corp., Detroit, and Riverside Cement 
Beckett 
named chairman of the board of directors, 
and D. 8. MacBride 
main offices of the 
Philadelphia. 


In keeping with basic policy of American 


American Corp. has been 


Co., Los Angeles. Garner A. was 


becomes president; 


company are in 


Cement Corp., the three divisions will operate 
as substantially independent units, continu- 
ing much the same pattern they maintained 
as separate corporations. 


Gutt named vice-president 

Tadius J. Gutt has been named vice-presi- 
dent and general manager of George Rackel & 
Sons Co., Cleveland, structural concrete manu- 


facturer. Mr. Gutt, formerly general manager 
of the Texas Stressed Concrete Corp., Austin, 
joined the Rackle firm as assistant to the 
president in 1956. A graduate of the Univer- 
sity of Rochester, he became a member of 
ACI in 1949. 


Straub awarded ASCE 
research prize 


Dr. Lorenz G. Straub, director of the St 
Anthony Falls Hydraulic Laboratory and 
head of the department of civil engineering, 
University of the 


1957 


Minnesota, was awarded 


American Society of Civil Engineers 
tesearch Prize. 
An ACI 


well-known 


1926, Dr. Straub, 
consultant in hy- 
draulics, has taken an active part in the work 


member since 
engineering 

of many leading professional and _ scientific 
societies here and abroad, and has published 
books 
Among his many distinguished special honors 


innumerable articles, papers, and 
in the last few years are the President's cer- 
tificate of appreciation for wartime services, 
an award for ordnance development by the 
Department of the Navy, and the French 
“Officer the 
“Order of Palms.”’ 


award of d’Academie” and 


Martin named president of 
Louisville Cement 


Louisville Cement Co., Louisville, Ky., re- 
cently named Boyce F. Martin as president 
chief officer He 
Eugene D. Hill who was elected chairman of 
the board. 

John J. Mallon the 
position of senior vice-president and Homer 
Baker Harold 
Trick Other 
officers of the company are vice-presidents 
R. K. Hartsock and David E. Willingham 
and Roland Whitney, 
Robert Gibson and Frank Lovell were named 


and executive succeeds 


was elected to new 


was made a vice-president. 


succeeds Martin as treasurer 


who is. secretary 


sales managers in other’ organizational 


changes. 


Allied Chemical assumes new 
name 


One of America’s largest diversified chemi- 
cal companies, in business since 1920 as 
Allied Chemical & Dye Corp., effective May | 
became the Allied Chemical Corp. According 
to Glen B. Miller, company president, the 
directors this name will more 
clearly reflect the broad nature of the com- 
pany’s position in the chemical industry and 
will not single out a particular division or 
field of activity. 


believe new 


Allied’s six operating divi- 
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sions employ about 30,000 employees who 
produce some 3000 products at more than 120 
plants, 12 research laboratories, mines, and 
quarries. 


Ross appointed research director 

Hugh C. Ross has been appointed director 
of research of the Hydro-Electric Power 
Commission of Ontario, Toronto, succeeding 
Gordon B. Tebo. Mr. Ross has a long 
record of continuous service with the research 
division, having joined the staff in 1929 im- 
mediately after graduation from the Uni- 
versity of Toronto. 

A member of ACI since 1931, Mr. Ross 
has been active in Institute affairs for many 
years. In 1954 he served on the Board of 
Direction and presently is a member of ACI 
Committee 115, Research, and Committee 
613, Recommended Practice for 
tioning Concrete Mixes. He also takes an 
active part in ASTM technical committee 
work and serves on various committees of the 
Canadian Standards Association, particularly 
those pertaining to concrete and other con- 
struction materials. 


Propor- 


Building Committee Report 
as of March 31, 1958 


Most recent report of the ACI Building 
Committee shows the following contributions 
to the Building Fund, arranged by categories. 


$ 76,802.00 
40,000.00 


Cement producers. . . 
Reinforcing steel industry 
Engineers and architects in 
ate 34,206.22 
Contractors........ aad 19,570.00 
Ready-mixed concrete and 
aggregate industry 
Membership at large. 
Admixtures manufacturers. . 
Concrete machinery and 
specialty products 
Concrete products 
manufacturers........ ,595.00 
Special contributions. . . 1,766.43 
Eastern Canada 1,496.90 


2,548.87 
,199.33 
7,526.83 


3,585.00 


$209,296.58 
2,760.00 


$212,056.58 


Pledges in hand. 


GRAND TOTAL.... 
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Parme made bureau manager 


The appointment of Alfred L. 
Walter E. 


assistant manager of the structural and rail- 


Parme as 
Manager and Kunze, Jr., as 
ways bureau of the Portland Cement Associa- 
tion, Chicago, was recently announced. Mr. 
Parme succeeds Thor Germundsson who will 
continue with PCA in the capacity of a stafi 
advisor. 

Author of several JouRNAL papers, Mr. 
Parme has contributed to the development of 
valuable data in the design of storage tanks, 
rigid frame bridges, arch dams, shells, and on 
the ultimate strength theory of design. Active 
in ACI technical committee work he is chair- 
man of ACI-ASCE Committee 328, Limit 
Design, and a member of ACI-ASCE Com- 
mittee 326, Shear and Diagonal Tension; he 
ACI Committee 314, 
Buildings and Bridges, 
334, Shell 
Structures. Parme graduated from 
Cornell 1935. He 
gineer for the Phoenix Engineering Division of 
New York, and for the 
Engineers in Binghamton, N. Y., 
prior to joining PCA in 1940. 


is also a member of 
Rigid 


and 


Frames for 


ACI Committee Concrete 
Mr. 
University in was en- 
Ebasco Services, 


Corps of 


Mr. Kunze joined the association as a struc- 
tural engineer in the structural and railways 
bureau in 1952. He is a graduate of The 
Citadel, Charleston, S. C., with a degree in 
civil engineering, and of Massachusetts In- 
stitute of Technology where he was awarded 
his MS degree in structural engineering in 
1950. Before joining PCA he served with the 
consulting engineering firms of Metcalf & 
Eddy in Boston, and Toltz, King & Day in 
St. Paul. 


Carpenter elected Chain Belt 
president 

O. W. Carpenter has been elected president 
of Chain Belt Co., Milwaukee, succeeding 
L. B. McKnight who had been president of the 
company since 1953. Mr. Carpenter came to 
Chain Belt in 1943 and has served in various 
executive capacities with the company since 
then. 

Mr. McKnight will continue as a director 
of the firm and will also serve as chairman of 
the executive committee of the board of direc- 
tors and as a consultant to the management. 
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WATER - REDUCING ADMIXTURES FOR CONCRETE 


MARACON promotes more complete 
hydration of cement particles and per- 
mits a substantial reduction in the unit 
water content without loss of plasticity 
or consistency of the mix. Low water 
content means. . 


ONPAD?: 


4 
> 
a 
2 
A 
0 
Zz 


AND BETTER CONCRETE AT LOWER COST 


With Maracon you can: 


. LOWER CONCRETE COSTS: 
. Maintain slump and workability at low 
W/C ratios. 
. Attain higher strengths without increas- 
ing cement content of a mix. 
. Permit economical redesign of conven- 
tional concrete mixes. 


. IMPROVE CONCRETE QUALITY: — 

A. Minimize shrinkage in concrete before 
and after hardening, due to lower water 
content and more complete hydration of 
cement. 

B. Decrease permeability. 

. a ‘ > Achieve greate nsity 4 ighe a- 
Pouring concrete containing Maracon in con- Cc Act ath & eater density and higher dura 
bility factors. 


struction project at Naheola, Alabama. e 


® MARACON also reduces water requirements in 

DISTRIBUTORS concrete mixes containing pozzolanic materials. 

West of the Rockies, East of the Rockies 
Hawaii and Alaska Truscon Laboratories 


Admixtures, Inc. Division of 
360 West Washington Devoe & Raynolds Co., Inc. 
Pasadena, California 1700 Caniff, Detroit 11, Mich. MARATHON e@ CHEMICAL SALES DEPT. 


‘ ROTHSCHILD, WIS. 
PI ee age a A division of American Can Co. 
Meridian, Mississipp. Y Send additional information on Maracon to: — 


e NAME: 
COMPANY: 


M A RAT ia oO N Ok) ADDRESS: 


A Division of American Can Company 
CHEMICAL SALES DEPARTMENT 
ROTHSCHILD. WISCONSIN 


Use this coupon for more information. 
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On the Wolcott Avenue Bridge 


Fabrication of prestressed concrete for the 

Wolcott Avenue Bridge was made much 

simpler through the use of new USS American 

Super-Tens Stress-Relieved Wire. Super-Tens This is a partially completed reinforcing as- 
is unusually straight prestressing wire. It stays sembly for girders in the Wolcott Avenue 
straight . . . lies flat. This development has Bridge. Super-Tens Wires have been inserted 
solved a major problem facing the manufac- in six of the twelve flexible metal tubes in 
turer of prestressed concrete. this particular assembly. 


These are the people who built this bridge: 


Owner: The Greater Hartford Bridge Authority 
General Contractor: Merritt-Chapman & Scott Corp., New York 
Designing Engineer: Thomas Worcester, Inc., Boston 
Supervising Engineer: Deleuw, Cather & Brill, New York 
Consulting Engineer for Contractor: The Preload Co., Inc., New York 
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extraordinary straightness of new 


(iss) American Stress-Relieved Wire 


solves on-site prestressing problem 


120-Foot Beams Prestressed 
Without Difficulty 


The Wolcott Avenue Bridge, near Hart- 
ford, Connecticut, is a new cast-in-place, 
slab and girder bridge construction. It is 
built of concrete girders post-tensioned 
on the job with an amazing new product, 


This photo emphasizes the superior straight- 
ness of USS American Super-Tens Stress- 
Relieved Wire as it is uncoiled. It stays 
straight and lies flat, with no tendency to 
curl, which greatly simplifies handling. 


American Steel & Wire 
Division of 


USS American Super-Tens Stress-Re- 
lieved Wire. 

This wire has straightness and han- 
dling ease never before realized in the 
field of prestressed concrete. New Super- 
Tens Stress-Relieved Wire developed by 
American Steel & Wire eliminates the 
tendency of wire to return to its original 
shape. This tendency has been a major 
problem in making up parallel-wire, post- 
tensioning assemblies. By using new, 
straight Super-Tens Stress-Relieved 
Wire, however, the builders of the Wol- 
cott Avenue Bridge not only saved time 
on the prestressing operation, but did 
the job more efficiently. 


Spans are 120 feet long; girder webs 
are seven feet deep and twelve inches 
wide. The Freyssinet post-tensioning sys- 
tem was used. Each cable contains twelve 
0.276-inch-diameter USS American 
Super-Tens Stress-Relieved Wires. 

Perfecting a straighter prestressing 
wire is the latest milestone for American 
Steel & Wire engineers, leaders in the 
application and development of steel wire 
and strand for prestressed concrete. If 
you are interested in prestressed con- 
crete construction, get in touch with us 
today through our nearest Sales Office. 
Or write to American Steel & Wire, 
Rockefeller Building, Cleveland 13, Ohio. 


USS, American and Super-Tens are trademarks 


United States Steel 


Columbia-Geneva Steel Division, San Francisco, Pacific Coast Distributors 
Tennessee Coal & Iron Division, Fairfield, Ala., Southern Distributors @ United States Steel Export Company, Distributors Abroad 
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Annual award established for 
paper on foundations 


An annual award in honor of Alfred A. 
Raymond, inventor of the cast-in-place con- 
crete pile, has been established by Raymond 
Concrete Pile Co., New York. The award, 
carrying a prize of $1000 will be presented 
yearly to the author of the best original paper 
on any aspect of design and construction of 
foundations for structures. 

The purpose of the award is to encourage 
original research in the field of foundation 
Manuscripts, acceptable from 
practicing and professional engineers, engi- 


engineering. 


neering faculty members, and graduate stu- 
dents, must be in English, limited to 2500 
words, and in the hands of the judges by 
Sept. 1, 1958 for the first year’s competition. 
The successful paper will be selected by a 
panel of three judges: Ralph B. Peck, pro- 
fessor of foundation engineering, University of 
Illinois, Urbana; R. E. Fadum, head, depart- 
ment of civil engineering, North Carolina 
State College of Agriculture and Engineering, 
Raleigh; and FE. A. 


engineer, 


Dockstader, consulting 
3oston. 

Further information and complete instruc- 
tions may be secured from Alfred A. Raymond 
Award, Room 1214, 140 Cedar St., New York 
GR, F. 


BRI holds seventh annual meeting 
The Building Research Institute conducted 
its seventh annual meeting in Washington, 


D. C., April 21-23, 1958. BRI is a unit of the 
division of engineering and industrial research 
of the National Academy of Sciences, National 
Research Council. It is a private, nonprofit 
organization of scientists dedicated to the 
furtherance of science and its use for the 
general welfare. 

Topics discussed at the conference included 
world-wide trends in building research, fire 
protection of buildings, new materials infor- 
mation, cost-saving developments, and future 
building programs of the federal government. 

Two ACI members appeared as speakers 
at the meeting: Charles H. Topping, senior 
architectural and civil consultant, E. I. du 
Pont de Nemours & Co., Inc., Wilmington, 
Del., BRI president, who gave the BRI annual 


activities report; and Douglas E. Parsons, 
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chief, building technology division, National 
Bureau of Standards, who served as chair- 
man of the session devoted to world-wide 
trends in building research 


Gibbons joins Alpha sales force 


Joseph P. Gibbons has joined Alpha Port- 
land Cement Co., Easton, Pa., as a sales 
representative in northeast Pennsylvania. 
For the past 13 years Mr. Gibbons had- been 
general manager of the Scranton Builders 


Supply Co. 


Murlin opens engineering office 


John A. Murlin recently organized Murlin 
Engineering, structural design consultants, 
with offices in Dallas, Tex. E. D. Mayes will 
be an associate of the firm. Both Mr. Murlin 
and Mr. Mayes are ACI members. 

Mr. Murlin is a graduate of Massachusetts 
Institute of Technology, with experience in 
aircraft structures, hydraulic machinery, pro- 
duction control, acoustics, and heat transfer. 
At the present he is a member of ACI Com- 
mittee 213, Properties of Lightweight Aggre- 
gates and Lightweight Aggregate Concrete. 

Mr. Mayes, structural engineer and archi- 
tect, has had extensive experience in struc- 
tures work in the United States and in Spain. 


Errata 


The following correction should be made in 
“Some Physical Properties of Concrete at 
High Temperatures,’ by Robert Philleo, 
which appeared in the April 1958 JourNAL. 

p. 862—In Table 1, 
from the bottom, fourth column should read 
4.2 X 10°*. Fourth and sixth columns of the 
last line of data should read 5.4 X 10-® and 
4.9 X 10-8, respectively. 

* * * 


second line of data 


The following correction should be made in 
“Specific Surface of Aggregates Related to 
Compressive and Flexural Strength of Con- 
crete,’ by B. G. Singh, which appeared in the 
April 1958 JouRNAL. 

p. 903—Fig. 6, caption should read “‘¢,! 
plotted against strength at 28 days... ”’ 

p. 903—Fig. 7, caption should read “‘¢,! 
plotted against strength at 7 days... ” 

p. 907—Line 9 should read “7-day test re- 
sults than in Fig. 6 giving the 28-day results. 
Further, if this ”’ 
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CARBO-JET added to 
concrete mix in the con- 
struction of Maryland 
Ave., near Newport, Del 


The sixth major job on 
which CARBO-JET has 
been used by the Delaware 
State Highway Dept 


CARBO-JET: The quick, efficient 


method to darken concrete 


CARBO-JET reduces glare, improves appearance of 
roads, walks, curbs, center islands, patios and driveways. 
CARBO-JET is a specially formulated carbon 
black, dispersed in liquid form. It is by far the 
easiest, and most economical way to introduce 
gray-to-black shades in mortar and plain or 
air-entrained concrete. It disperses faster than 


mixing time. There is no streaking, no color 
variation. CARBO-JET does not affect the 
air content of air-entrained concrete. 
CARBO-JET cuts down the danger of glare 
Traffic markers stand out. 

Ice and snow melt faster; 

surfaces dry in less time. 


ordinary cement colors, 


CARBO-JET 


‘Sonneborn: 


Since 1903 manufacturers of 
quality building products. 


Takes much 


less Send coupon today. 


L. SONNEBORN SONS, INC. 
Building Products ey 5-58 
404 Fourth Ave., New York 16, N 


Send information on CARBO-JET 
darken concrete and mortar 


Also send FREE copy of your helpful 128-page Building 
Construction and Maintenance Handbook, 


NAME 
COMPANY 
ADDRESS 
CITY 


the better way to 


ZONE STATE 





JOURNAL OF THE AMERICAN CONCRETE INSTITUTE May 1958 


SEAMLESS* S9Os70FUBE. 
FIBRE FORM 


produces the 


OTHEST 


Continuous Concrete Column Surface 
you've ever seen! 


unretouched photo a ‘ 

ofa conevete surface P Cc oO L U M N S 
taken after  ) 

stripping the great 

new Seamless * form better 
Sonotube Fibre 
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This great new form is the latest addition to Sonoco’s outstanding line of 
fibre forms . . . all developed in Sonoco’s Research Laboratories to meet 
specific needs of the construction and building industries. 


All Sonoco Fibre Forms provide the most economical and fastest method 
of forming round columns of concrete. 


For your next job choose from these three types: 
SEAMLESS SONOTUBE® a premium form specifically developed for use where exposed 
finished columns are desired. 
“A” COATED SONOTUBE® the standard form for exposed columns. 


“W" COATED SONOTUBE® for unexposed or exposed columns where finishing is not 
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All three come in sizes from 2” to 48” I.D. up to any length which can be 
shipped. Order in desired lengths or saw to your requirements on the job. 
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ASTM conducts committee week, 
mortar symposium 

The Ameri¢an Society for Testing Materials 
held its annual committee week in St. Louis, 
Feb. 10-14, 1958. Thirty-five of ASTM’s 
technical committees held some 280 
mittee and subcommittee meetings during the 


com- 


week, with 1135 technical men registered to 
discuss and correlate the research upon which 
ASTM specifications and methods of test are 
based. The committees put into final shape 


new and revised tentatives and standards 
which will be recommended to the society for 
adoption at its annual meeting in Boston in 


June. 


Symposium on mortars 
Workability, and the 
materials were stressed as the two most im- 


proper selection of 


portant factors of good masonry mortar at a 
symposium sponsored by ASTM Committee 
C-12 on Mortars for Unit The 
essential properties of a good mortar were out- 
lined by John W. McBurney, materials con- 
sultant, Silver Spring, Md., formerly with 
the National Standards 


Masonry 


Bureau of and a 


bearing masonry walls are not being used as 
much as formerly 

A method of determining bond strength 
was described by Cyrus C. Fishburn, research 
National Bureau of Standards, 
Washington, D. C., and the 
mortar and its implications were discussed by 
Walter C. 
construction and materials and formerly head 


associate, 


elasticity of 
Voss, consultant on architectural 
of the building engineering and construction 


Institute of 


stressed the 


Massachusetts 
Voss 


modulus mortar to decrease 


department of 
Technology. Professor 
need for a low 
rigidity and the need for frequent relief joints 
where high strength mortar is required. He 
admonished the engineer to cease idolizing 
strength and pay more attention to the selec- 
tion of the components, particularly in refer- 
ence to climatic exposures 

A progress report on research on the dura- 
bility of mortar being conducted at Lafayette 
College was presented by W. L. Zematis, in- 
structor of testing materials. This research 
program is being sponsored by Alpha Port- 
Co., Easton, Pa. Data 


presented showing the effect of entrained air 


land Cement were 





both foreign and domestic. 





The ACI JOURNAL 
is still a good buy! 


Rates increased Mar. 1, 1958, to $18 per year for nonmember subscribers, 


ACI members continue to receive the JOURNAL 
as one of the considerations of dues payment. 








long-time member of Committee C-12. Mr. 
McBurney referred to a presentation by J. C. 
Pearson in 1939 which listed in the order of 
their importance the essential properties of 
mortar. Workability was first and Mr. Mc- 
Burney believes that this is still the most 
important property. The second, soundness, 
has now been corrected to a large degree 
by the use of pressure lime. Bond strength 
is still a live subject. 
and compressive, which ranked ninth in 1939, 
remains one of the lesser properties since load 


Strength, both tensile 


on the freezing and thawing test and it was 
indicated that lime is the most important 
constituent in mortar in respect to durability. 

Two short papers were presented on the 
effect of sand grading upon mortar properties. 
C. U. Pierson, Jr., technical director, Southern 
Cement Co., Birmingham, Ala., reported on 
The need 
for improvement in sand gradings was ex- 


bond test studies in his laboratory. 


pressed as comparisons of 15 different sources 
The tensile bond test 
was proposed as a criterion in establishing 


of sand were given. 





30 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


proper sand gradings. Walter Washington, 
Sumner Sollitt Co., Chicago, discussed various 
gradings of a sand in mortar mixes, presenting 
data on the behavior of sand with gradings 
not meeting ASTM specifications. The sand 
cone method (ASTM C 128) was found not 
entirely reliable in establishing the saturated 
surface-dry condition of sand. Mr. Wash- 
ington stated that sand with unusual gradings, 
normally considered poor, might be satisfac- 
tory if the grading is such that voids are low 
and the fineness modulus is in a suitable range. 

The results of tests of bond between ma- 
sonry grout and reinforcing steel were re- 
viewed by William Lerch, Portland Cement 
Association, Chicago. He reported that mor- 
tars made with different masonry cements 
prepared in accordance with two ASTM speci- 
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fications for mortar (C 161 and C 270) de- 
veloped bond strengths which appeared ade- 
quate for reinforced brick masonry construc- 
tion. Harry C. Plummer, Structural Clay 
Products Institute, Washington, D. C., pre- 
sided as symposium chairman. 


Committee C-12 action 


Publication of a second and possibly final 
report on efflorescence was approved at the 
meeting of Committee C-12 during the ASTM 
committee week. This report contains ex- 
tensive data gathered by the subcommittee on 
research, and will be published in an early 
issue of the ASTM Bulletin. The subject of 
false set is also being considered by the sub- 
committee with a cooperative test series 
planned jointly with Committee C-1 on 
Cement. 

Committee C-12 officers are: chairman, 
R. E. Copeland, National Concrete Masonry 


Association, Chicago; first vice-chairman, 
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Harry C. Plummer, Structural Clay Products 
Institute, Washington, D. C.; second vice- 
chairman, P. M. Woodworth, The Waylite 
Co., Chicago; and secretary, C. U. Pierson, 
Jr., Southern Cement Co., Birmingham, Ala. 


Committee A-1 on steel 

Standards for steel for concrete reinforce- 
ment continue to receive much attention from 
ASTM Committee A-1. In 1957 two new 
specifications, one for sizes 14S and 185 large 
deformed billet steel bars (A 408) and another 
for uncoated 7-wire strand for prestressed 
concrete (A 416) were published. A 
specification for 


new 
uncoated wire for pre- 
stressed concrete will be submitted to ASTM 
for adoption at the annual meeting in June, 
1958. Work also is being started on a new 
specification for high-strength billet steel 
reinforcement with a yield strength of 75,000 
psi. 

Revisions will also be proposed for adoption 
for basic billet steel, rail steel, and large size 
billet steel specifications to change the yield 
point for the hard grade from the present 
required minimum of 50,000 psi to 60,000 psi. 
“Building Code Requirements for Reinforced 
Concrete (ACI 318-56)’ adopted by the 
American Concrete Institute already recog- 
nizes these changes. 


World engineering assembly in 
Israel 


The World Assembly of Engineers and 
Architects, Friends of Israel, will be held 
from May 29 to June 9, 1958, at Tel Aviv, 
Haifa, and Jerusalem, in conjunction with the 
celebration of the tenth anniversary of the 
establishment of Israel. The meeting is 
being sponsored by the Association of Engi- 
neers and Architects of Israel and is endorsed 
by the Technion—Israel Institute of Tech- 
nology, Israel’s only engineering university. 

Engineers and architects from all parts 
of the world, as well as from Israel itself, are 
expected to participate in and 
seminars whose central theme is the role of 
technology in the development of Israel. 
Among the outstanding engineers who will 
address the group is ACI member, William 
Ginsberg, consulting engineer, New York, 
who will speak on the planning of industrial 
plants. 


sessions 
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Membership in the American Concrete Institute 


To facilitate prospective meinbers in joining the Institute, membership 
application forms are provided. Present Members may aid by bringing these 
forms to the attention of those who may profit from membership advantages. 
The grades of membership are described overleaf. 


All who have an interest in concrete are eligible for membership. 


Members have at hand in Institute publications the most complete fund 
of knowledge on concrete. The ACI Journat provides them with the latest 
information and ACI special publications provide them with the complete 
picture of specific problems. Through conventions, and regional and area 
meetings they are afforded the opportunity of meeting those whose experiences 
provide the new information, and of exchanging ideas with them. 


Opportunity for service is present in technical committee activity, in con- 
tributions, or only comments, to the ACI JourNAL, or in reviewing technical 
publications for material of interest to the membership. 

ACI’s world-wide membership is growing in extent and. participation— 
traveling a common road toward better, more economical and durable con- 
crete structures. ACI provides a common ground in the search for and use of 
new “working tools” in concrete design, manufacture, and erection—and its 
interpretation. 


(cut here) 


Board of Direction, American Concrete Institute 

P. O. Box 4754, Redford Station 

Detroit 19, Michigan 
Individual Members RE be ay Cenata, Montes, $15.00 
Individual Members (Aili other foreign countries) 12.00 
Corporation Members 50.00 
Contributing Members 100.00 
Junior Members—nonvoting (under 28) 7.50 
Student Members—nonvoting (under 28) 5.00 

(Subject to stipulations of Bylaws—Article | on reverse side. Bylaws on request.) 


Of the annual dues, $12.00 is for the Journnat of the American Concrete Institute (except that dues for Junior 
and Student Members apply in full for the Journat). 


The undersigned hereby applies for __________membership 
(Individual, Corporation, Contributing, Junior, Student) 





in the American Concrete Institute. Proposed by___ 


For Corporation Membership, ACI representative will be 








(Date of graduation if Student) ; ae ~ (Name, if Corporation) 


Signature 





For our records, please complete both sides of application. 
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EXCERPTS FROM BYLAWS: 


Section 1. This Institute shall consist of 
Members, Corporation Members, Contribut- 
ing Members, Junior Members, Student 
Members, and Honorary Members interested 
in furthering the Institute’s objects as set 
forth in its Charter. 


Sec. 2. A Member shall be an individual. 

A Corporation Member shall be a firm, 
corporation, society, agency of government 
or other organization. A Corporation Mem- 
ber shall name one individual as its represen- 
tative who will enjoy all membership rights 
and privileges. 

A Contributing Member shall be an in- 
dividual, firm, corporation, society, agency 
of government, or other organization wishing 
to give larger support to Tastitute activities 
through the payment of larger dues. Con- 
tributing Members, other than individuals, 
shall name representatives as do Corporation 
Members. 

A Junior Member shall be a person less 
than 28 years old. 

A Student Member shall be less than 28 
years old and a student in residence at a 
recognized technical or engineering school. 

An Honorary Member shall be a person of 


eminence in the field of the Institute’s in- 

terest, or one who has performed extraordi- 

narily meritorious service to the Institute. 
Sec. 3. All classes of Members except 
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ARTICLE I—MEMBERS 


Honorary Members and Student Members 
shall be proposed by at least one Member of 
the Institute and elected by a two-thirds 
vote of the Board of Direction. An Hon- 
orary Member shall be elected by unanimous 
vote of the Board of Direction. A Student 
Member shall be proposed by a member of his 
school’s faculty, who need not be a Member of 
the Institute, and elected by a two-thirds vote 
of the Board of Direction. 

Sec. 4. All Members shall have all rights 
and privileges of membership as determined 
by the Board of Direction except that a 
Junior or Student Member shall not vote nor 
hold office. The status of a Student Member 
shall change automatically to that of Junior 
Member on the first anniversary of his mem- 
bership succeeding the date on which he 
ceases to be a student in residence. The 
status of a Junior Member shall be changed 
to that of Member on the first anniversary 
of his membership after he becomes 28 years 
of age. 

Sec. 5. Applications for and resignations 
from Membership and requests for change of 
representatives of eng pean or Contribut- 
ing Memberships shall be presented in writ- 
ing to the Secretary-Treasurer. Resignations 
may be accepted only from Members whose 
dues are not more than 60 days in arrears, 
except by special action of the Board of 
Direction. 


(cut here) 





Please Print 


Date of Birth 





Month 


Title or Position 





Name of Firm or Organization 





_] Business Address 








C) Resident Address 


(Please check address to which you wish mail and publications sent) 


Nature of Firm's Business 





The ACI Membership Directory will be sent—as available—only on request. 
Check here if you wish to receive the latest edition. 
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Who’s Who 


ACI Committee 324 
“Tentative 
Section Reinforced Precast Concrete 
struction,” appearing on p. 921 is the report of 
ACI 324, 
Concrete, Thin Sections, headed by Arsham 
Amirikian, Bureau of Yards and Docks, De- 
partment of the Navy, Washington, D. C. 
The  eleven-man 
Arthur R. 
Tacoma, Wash.; Boyd G. Anderson, Ammann 
and Whitney, New York; K. P. Billner, Vac- 
uum Concrete, Inc., Philadelphia; Louis P. 
Corbetta, Corbetta Construction Co., Inc., 


Thin- 


Con- 


Recommendations for 


Committee Precast Reinforced 


committee includes: 


Anderson, consulting engineer, 


Chicago; and George P. Duecy, Associated 
Sand and Gravel Co., Everett, Wash. 

Ernst Gruenwald, Lone Star Cement Corp., 
New York City; Daniel P. Jenny, Portland 
Cement Washington, D. C.; 
Folmer Jorgensen, civil 
hagen; Ezra G. Odley, Bureau of Yards and 
Docks, Department of the Navy, Washing- 
ton, D C.; C. D. Wailes, Jr., Wailes Precast 
Concrete Corp., Sun Valley, Calif.; and H. J. 
Wolbeer, N. V. Schokbeton, Zeist, Nether- 
lands, also serve on Committee 324. 


Frank W. Chappell 
Frank W. Chappell, Dallas consulting en- 
gineer, describes the design of a multistory 


Association, 


engineer, Copen- 


building built entirely of lightweight concrete 
and presenting unusual problems in the de- 
sign of columns for lateral stability as well as 
the support of vertical loads. His paper, 
“High Strength Steel and Concrete Result in 
Minimum Column Sizes,’’ appears on p. 929. 

Mr. Chappell’s experience in the design of 
reinforced concrete dates back to a hollow 
concrete dam 90 ft high which was built in the 
middle twenties at Cisco, Tex. Since that 
time he has been responsible for many con- 
crete structures including the famous Cotton 
Bowl at Dallas. During World War IT he was 
resident partner of a firm which designed a 
large defense project requiring more than 
500,000 cu yd of concrete. 

A graduate of Vanderbilt U-iversity, he 
taught 2 years in the school of engineering of 
the University of Oklahoma before coming to 


This Month 


Texas. He is a member of ACI, ASCE, and 
the National Society of 
neers. 

Alfred L. Miller 


“Warping of Reinforced Concrete Due to 


Professional Engi- 


Shrinkage’ appearing on p. 939 is based on 
experimental research by Alfred L. Miller, 
professor of mechanics and structures, de- 
partment of civil engineering, University of 
Washington, Seattle. 
university, he was appointed to the faculty 


A graduate of that 


in 1923, he has served continuously in engi- 
neering mechanics, structures, and structural 
materials. In addition to teaching and re- 
search, Professor Miller has engaged in ex- 
tensive consultation work with the engineer- 
ing and architectural professions, technical 
associations, and public agencies in the design 
and analysis of structural systems, the prop- 
erties of structural assemblies, specifications, 
and building codes. 

Professor Miller has participated exten- 
sively in the development of present methods 
of analysis and design of continuous struc- 
tures, particularly with regard to lateral and 
dynamic loads. His work with concrete in- 
cludes pioneer studies of steam curing, the 
effect of high temperature on portland and 
high alumina cements, and stresses in continu- 
ous structures due to thermal differentials. 
He became a member of the Institute in 1946. 


F. W. Cox and J. L. Ennenga 


Results of 
Francis W. Cox and James L. Ennenga both 


experiments conducted by 
of the Corps of Engineers, Omaha district, 
appear in ‘“Transverse Strength of Concrete 
Block Walls’’ on p. 951 of this issue. 

Mr. Cox attended Iowa State College and 
the University of Illinois, receiving degrees 
in civil engineering and sanitary engineering 
Prior to World War 
II he was employed by the Shell Oil Co., Iowa 
State College, and the architectural firm of G. 
Meredith Musik, Denver. In 1946 he joined 
the Omaha District, Corps of Engineers. 
Since 1952 he has been head of the structural 
design section of the military branch. In this 


from these institutions. 
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LOOKING AHEAD 


June 16-20, 1958—American So- 
ciety for Engineering Education, 
Annual Meeting, University of 
California, Berkeley, Calif. 


june 29-98, 1958—American So- 
ciety for Testing Materials, 61st 
Annual Meeting and Exhibit, 
Hotel Statler, Boston, Mass. 


June 23-27, 1958—American So- 
ciety of Civil Engineers, Portland 
Convention, Multnomah Hotel, 
Portland, Ore. 


Sept. 15, 1958—6th International 
Congress on Large Dams, New 
York, N.Y. 


Sept. 21-25, 1958—Prestressed Con- 
crete Institute, Fourth Annual 
Convention, Edgewater Beach 
Hotel, Chicago, Ill. 


Oct. 27-29, 1958—American Con- 
crete Institute, Regional Meeting, 
Statler Hotel, Detroit, Mich. 


Nov. 18-20, 1958—American Stand- 
ards Association, Ninth National 
Conference on Standards, Hotel 
Roosevelt, New York, N. Y. 











capacity he is responsible for the structural 
integrity of the many buildings designed for 
army and air force bases within the 6-state 
area of the Omaha district. 
a member of ACI in 1956. 


Mr. Cox became 


Mr. Ennenga graduated in civil engineering 
from South Dakota School of Mines and Tech- 
nology in 1947. In 1949 he was employed by 
the Corps of Engineers to help design the 
concrete structures for Garrison Dam. Since 
then he has worked almost continuously with 
concrete structures, both in design and con- 
struction. He is now head of the structural 
design group, military branch, Omaha District 
Engineer’s Office, Corps of Engineers. 


Fritz Kramrisch 


‘Reinforcement of Press Foundations by 
Post-Tensioning”’ on p. 961 is the solution to 
a practical problem prepared by Fritz Kram- 
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risch, senior structural engineer with Albert 
Kahn Associated Architects and Engineers, 
Inc., Detroit. Mr. Kramrisch graduated in 
1933 in civil engineering from the Technical 
University in Vienna, Austria, and received 
a doctor’s degree from the same university in 
1935. From 1935 to 1940 he 
structural designer with 
Austria and England. 


worked as 
various firms in 

In 1940 Fritz Kramrisch joined the Albert 
Kahn organization in Detroit, where he has 
been engaged primarily with the structural 
design of industrial buildings, office buildings, 
and hospitals. In 1953 he designed a multi- 
story office building for the Glenn L. Martin 
Co., Baltimore, partly prestressed and en- 
tirely precast concrete, one of the first build- 
ings of this type in the United States. 

An ACI member since 1955, he is presently 
a member of ACI Committee 322, Design of 
Structural Plain Concrete. He is¢ also a 
member of the American Society of Civil 
Engineers and other professional organiza- 
tions. 


Harold S. Davis 

Originally presented at the ACI regional 
meeting in Seattle last November, ‘“High- 
Density Shielding Atomic 
Energy Plants’? by Harold 8. Davis, now ap- 
pears in print for JouRNAL readers on p. 965. 
Mr. Davis is with the Hanford Atomic Prod- 
ucts Operation, General Electric Co., Rich- 
land, Wash. 

A graduate of the University of Idaho in 
1940, he received his MS degree in 1947 and 
PhD in 1949 from Northwestern University. 
Graduate studies were in the fields of struc- 
tures, foundations, and hydraulics, 


Concrete for 


He has taught civil engineering at the 
University of Idaho, Northwestern Uni- 
versity, and the State College of Washington. 
He also taught in U. 8. Navy training schools 
during Wold War II. 
employment with a number of private indus- 
tries including the Idaho Materials Testing 
Laboratory, Moscow, Idaho; Whitehouse and 
Price, architects and engineers, Spokane; and 
Boeing Airplane Co., Seattle. 


He has had summer 


Mr. Davis joined General Electric Co. at 
Richland in 1951. He supervised a develop- 
mental program on high-density concrete, and 
the design of reactor shields and associated 
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structures. He has been a member of ACI 
since 1951, and was co-author of ‘Properties 
of High-Density Concrete Made with Iron 
Aggregate’? which appeared in the ACI 
JOURNAL, March 1956. 


Inge Lyse 

“Tests of Full-Size Prestressed Concrete 
Bridge Beams’’ on p. 979 was submitted by 
Inge Lyse, professor of reinforced concrete 
and director of the concrete laboratory at the 
Norwegian Institute of Technology, Trond- 
heim. Graduating in 1923 from the Nor- 
wegian Institute of Technology in civil 
engineering, he immediately left for Los 
Angeles in search of employment. There he 
joined the Southern California Edison Co. 
and was assigned to the construction work at 
Big Creek. In 1925 he became a member of the 
testing staff at the Stevenson Creek Experi- 
mental Dam and served under the late W. A 
Slater until the completion of the report in 
1927. He then joined the Portland Cement 
Association doing research work in the fields 
of concrete aggregates, permeability and dur- 


¥ 


other Western services 
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ability of concrete. In 1929 he was transferred 
to Lehigh University as the PCA representa- 
tive on the investigation of reinforced con- 
crete columns under the direction of the ACI 
committee on columns (then designated Com- 
mittee 105 In 1931 he was appointed re- 
search assistant professor of engineering ma- 
terials at Lehigh University later being placed 
in charge of the Fritz Engineering Laboratory 
In 1938 he left Lehigh University in order to 
become professor of reinforced concrete at his 
alma mater. 

Professor Lyse has been a member of ACI 
since 1926. He served on the Board of Direc- 
tion of the Institute in 1937-38. He is the 
author or co-author of more than 80 research 
papers, mostly in the field of concrete, many 
of which have appeared in the ACI JourNAL. 
Last year he published with Mr. Wiig as co- 
author a textbook in plain and reinforced 
concrete (in Norwegian). During the sum- 
mer of 1957 he and Franklin R. Mc Millan made 
an extensive survey of concrete dams in the 
United States for the Portland Cement Asso- 
ciation under the sponsorship of ACI Com- 
mittee 207, Properties of Mass Concrete. 


the beginning of Bly trom 
STOP IT NOW... 


with SHOTCRETE* 


Spalled concrete generally results from 
oxidized reinforcing rods. Unless decay is 
halted, serious structural weakness and huge 
repair bills will result. 

With shotcrete, skilled Western techni- 
cians can restore disintegrated concrete 
structures to original soundness and strength. 
All work done under contract, fully insured 
and guaranteed. No materials for sale. 


* Universally accepted term for pneumatically -placed mortar. 
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Professor Lyse is now president of the 
Norwegian Concrete Institute and of the 
Norwegian Academy of Technical Sciences. 
He is also the chairman of the Norwegian 
committee for concrete building code. 


Valerian Leontovich 

“Concept of Elastic Parameters,” p. 987, 
has been developed by Valerian Leontovich, 
senior structural engineer of the International 
Engineering Co., Inc., San Francisco. The 
Russian-born ;.uthor received his degree in 
civil engineering from the Harbin Polytechnic 
Institute in 1927 and subsequently in 1947, 
his MS degree in civil engineering from the 
University of California. 

The first decade of his career, Mr. Leonto- 
vich spent in the Far East and Philippines, 
as a structural designer and a professional en- 
gineer. He came to the United States before 
World War II, and has worked on a number of 
impressive projects during the past 20 years. 

In 1942, being with Ellison and King, con- 
sulting engineers of San Francisco, he was 
charged with responsibility of directing the 
design of 10,000-ton capacity reinforced con- 
crete barges built for the U. 8. Maritime Com- 
mission. As a principal designer of Pacific 
Islands Engineers, Inc., he was a strong ad- 
vocate of rigid frame construction for military 
installations in the Pacific and was responsible 
for the design of a variety of modern struc- 
tures. Later with the San Francisco office of 
Sverdrup and Parcel, consulting engineers, 
he directed the structural design of the 
multimillion dollar Albeni Falls and Dalles 
Hydroelectric Powerhouses. 

As a senior design engineer of the Interna- 
tional Engineering Co., Inc., a subsidiary of 
Morrison-Knudsen Co., Inc., Mr. Leontovich 
is now responsible for the design of many 
hydroelectric structures for clients in all 
parts of the world. He joined the Institute in 
1955, and is also a member of ASCE. 





Cassaro joins Prescon 


Michael A. Cassaro has joined The Prescon 
Corp., Corpus Christi, Tex., as structural 


engineer. Mr. Cassaro, a graduate of 
Rensselaer Polytechnic Institute, formerly 
was city engineer in Troy, N. Y., heading 
the division responsible for design of roads, 
walls, maintenance, and other city projects. 
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Honor Roll 


January 1—April 30, 1958 


Membership in ACI offers a professional exchange 
of ideas, methods, and procedures dealing with 
concrete and concrete construction. It is through 
this exchange that each individual receives an ever 
increasing technical knowledge. To broaden this 
scope of knowledge, get your friends and ac- 
quaintances to join the American Concrete Institute. 


Blas Lamberti 
Joseph J. Waddell 
Phil M. Ferguson 
Ernst Maag 

Ernest L. Spencer 
Celso A. Carbonell 
J. P. Thompson 
Paul A. Hansen 
Samvel Hobbs 


Miles N. Clair 
William L. Collier 
W. S. Cottingham 
Jaime de las Casas 
Aleck S. Evans 
Martin J. Gutzwiller 


Carl O. Knop 

E. Vernon Konkel 
Carl H. Koontz 
George Kurio... 

L. M, Legatski 

James R. Libby... 
Ciceron Hiedra Lopez 
William McGuire 
Douglas McHenry 
George A. Mansfield 
Bryant Mather 

Frank B. May 

James A. Murray 
Wendall H. Nedderman 
H. C, Pfannkuche 
Walter H. Price 
Clarence Rawhauser 
Francesco Sardella 


Howard Simpson 

Donald L. Strange-Boston 
Ellis S. Vieser 

Ivan A. Villamil 

Bryon P, Weintz 
Tsu-ming Yang.... 
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New Members 


The Board of Direction approved 86 Individual 
applications, 4 Corporations, 23 Juniors, and 19 
Students making a total of 132 new members. Con- 
sidering losses due to deaths, resignations, and non- 
payment of dues the total membership on Apr. 1, 
1958, was 9424. 


Individual 


Apams, Harovp, Fort Smith, Ark. (Arch.) 
ALLAN, Frank, Houston, Texas (Allan Ins. Agy 
AuueN, Ricuarp G., San Leandro, Calif. (Sales Engr 
Dewey & Almy Chemical Co.) 
AnpReEws, James B., Glenview, Ill 
Engr., PCA) 
Arnot, Harry, St. Petersburg, Fla. (Struct. Engr. for 
Transmission Dept., Florida Power Corp.) 
Bapa.ey, Pauw G., Syracuse, N (Monolithic Con 
crete Wall Co.) 
Barirp, Artuur M 
Burns & Roe, Inc.) 
Bearp, Ear G., Park Ridge, III 
Engr., Dept. of Pub 
Chicago) 
Biersacn, Epwarp R. 
Ketchum & Konkel) 
Bootu, GLenn C., Winnipeg, Man. 
Engr., Building Products & Coal Co., 
Bremner, Rovsert P., Milwaukee, 
Industrial Div., The T. L. Smith Co.) 
CHANG, SHav-Yen, Olympia, Wash. (Jr. Bridge Engr 
Design, Dept. of Hwy., State of Wash.) 
Compa, Mrs. Racuet P., Honolulu, Hawaii 
Librarian, City & County of Honolulu) 
Coston, Oris D., Birmingham, Ala. (Mer 
W. L. Coston & Sons) 


Assoc. Devel 


Baldwin, N. ¥ Struct. Engr 


Testing & Insp 
Wks., Bur. of Engrg., City of 
Denver, Colo. (Chf. Draftsman 
Canada (Chf 


Vice-Pres 


(Mun 


& Partner 


No more algebraic formu- 
las or calculations to make. 
Simply locate the table 
covering the member you 
are designing, apply span 
and load requirements, and 
then read off directly con- 
crete dimensions and rein- 
forcing steel data. Follows 
the latest codes and prac- 
tices. Send check or 
money order for your copy, 
today. 


Prepared by The Committee 
on Engineering Practice 


CONCRETE 


Dacenko, Micnaet, Winnipeg, Man., Canada (Struct 
Engr., Design, Canadian Pacific Rlwy. Co 
Danustrom, Tep, Chicago, IIl Asst. Sec 
Modernization Inst.) 

DameBren, Cart D., Detroit 
burgh Testing Lab 

Davis, Donatp D., Ft. Worth, Texas (C. E. (GS-11 
Design, Insp., Constr., Write Spec. for Air Navigation 
Facilities Bldgs., Civil Aeronautics Admin. 

Deveapo, Jose A., Caracas, Venezuela (C. E 

Di Srasio, Josern, Jr., Spring Lake Hghts., N. J 
(Struct. Engr., Partner, Di Stasio & Van Buren, Cons 
Engrs.) 

Donaup, James L., Toronto, Ont., Canada 
Sect. Ldr., Abitibi Power & Paper Co., Ltd.) 

Frap, J. W j., Ft. Collins, Colo. (Assoc. Prof 
Engrg., Colorado State Univ 

Fenner, Rosert D., Baton Rouge, La 
Walter Kidde Engrs. S.W., Inc 

Fousom, Ouiver H., New Dehli, India (Chf. Engr. Sect 
Industry Div., International Cooperation Admin. 

FRANCONIA, Wittiam P., Dorchester, Mass 
Lay-Out, also International Correspondence School 
Groissier & Slager Iron Works & Concrete Columns 

GERMANIS, GUERRINO-RaTKO-CaARLO, Wellington, New 
Zealand (C. E., Ministry of Wks., Wellington Dist 
Office, Arch. Div.) 

Geyer, Roserr I., Mt 
Chemical Co.) 

GutTrMan, Martin, Camden, N. J 
Arch., Struct. Work) 

Houmsten, Vicror T., Chicago, IIl 
Exec., Consolidated Chimney Co 

Jarvi, Apert O., South Euclid, Ohio 
Hoff & Assocs 

KHAN, SAMIULLAH, Karachi, Pakistan (Sr 
MacDonald, Layton & Co., Ltd 

Kierne-Kracurt, J. A., Louisville, Ky 
er, Hartstern, Louis & Henry, Archs.) 

KuNzE, WALTER I Jn., Evanston, Ill Asst 
Struct & Rlwys. Bur., PCA 

Larson, Rosert W Rockford, Ill 


Larson Bros. Sand & Gravel 


Home 


Mich. (Dist. Mgr., Pitts 


Struct 
of Civil 
Engrg 


(Struct 


Struct 


Prospect, Ill. (Dist. Mer. Sika 


Gen. Practice of 
Pres., Engrg 
Assoc., Trygve 
Designer 
Design 

Mer 


Office Mer 


NEW EDITION! 


Completely revised to conform to the recently 
amended A. C. |. BUILDING CODE 


REINFORCED CONCRETE 
DESIGNS — 
ALL WORKED OUT! 


OVER 450 PAGES 


$600 


Comcerse Remconcng Stet bn 


POSTPAID 


10-Day, Money-Back Guarantee 
No C.O.D. Orders 


REINFORCING STEEL INSTITUTE 


38 S. Dearborn St., (Div. J) Chicago 3, Illinois 
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Le Fave, Gene M., Whittier, Calif. (Dir. of Company 

Research & Engrg. activities, Coast Pro-Seal & Mfg. 
Yo.) 

Lemke, Curtis M., ( 
Hamann Coast Co.) 

Lissey, Ricnarp M., Honolulu, Hawaii (Matls. Engr. 
Honolulu Constr. & Draying Co., Ltd.) 

Lonp, Evaen, Chicago, Ill. (Insp., Prestressed Con- 
crete Plant, J. K. Knoerle & Assocs.) 

Lopez, yoo Bogota, Colombia (Engr., 
Dept., Acueducto de Bogota) 

Maanuson, E. Harry, Muskegon, Mich. (Sr. Partner 
in Firm, Struct. Design, Magnuson & Sumner, Archs.) 

Markey, Ricwarp F., Framingham Centre, Mass. 
(Insp. of Matls. ) 

McCann, Epwarp T., Worcester, Mass. (Supt. of Bur 
of Public Bldgs., City of Worcester) 

McCuttovan, R. A., Mattoon, Ill. (Mer., 
Devel., Blaw-Knox Co.) 
McKenzie, Gorvon ALAN, Toronto, Ont., Canada (De- 
sign Engr., T. O. Lazarides & Assocs., Ltd.) 
MicHaet, Russect Dave, Jr., Mt. Clemens, Mich 
(Plant Mer., Pre-Cast Concrete Products) 

Mickxos, Gustar, DRUMSO, Finland 
Engrg. Science, Chf. of Concrete Plant, 
3.) 

Misenuimer, E., Long Beach, Calif. (Chf. Engr., Liv- 
ingston Rock & Gravel Co., Inc.) 

Mon ween, R., Palo Alto, Calif. (Grad. Stud. 

niv.) 

MoreEtanp, R. E., Pittsburgh, Pa. (Mer., 
Engrg. Sect., Koppers, Inc.) 

Nape., Moses J., Miami, Fla. (Arch., 
Archs. & Designers) 

Neat, Roperick R.., 
(Supv. & Insp. 
Electric Auth.) 

Ousen, Ciarence J., Ann Arbor, Mich. (Dir., State 
Hwy. Dept. Testing Lab., Mich. State Hwy. Dept.) 

Oran, Cenap, Urbana, Ill. (Stud., Univ. of Ill.) 


yreen Bay, Wis. (Constr. Supt., 


Planning 


Engrg. & 


(Master of 
RUDUS A. 


, Stanford 
Foundation 
Nadel & Dotzler, 


NSW, Australia 
Mtns. Hydro- 


Cooma North, 
of Constr., Snowy 


May 1958 


Pacneco Pirano, Oscar, Caracas, Venezuela (Heavy 
Constr.) 

Painter, K. W., Caringbah, NSW, 
Engr., P. K. Cement Industries) 
Paacios, Miguet AranpA, Guanajuato, Gt., 

(C, A len 8. A.) 

Park, Ker Seuna, Denver, Colo. (Chf., 
Sect., Ministry of Agric., Republic of Korea) 

Pautius, Vrrautas, Montreal, P. Q., Canada (Engr., 
Du Pont Co. of Canada (1956) Ltd.) 

RicHarpson, Evsert R., Bellevue, Neb. 
The Master Builders Co.) 

Roz P., Luts FRANcisco, 
Luis Feo. Ruiz y Cia) 

Rt 1% WituraM A., Washington, D.( 

HA) 

Samrense, Jose Ienacio, Bogota, D. E., Colombia 
(C. E., Ministerio de Guerra Industria Militar 

SuHarrar, Osro G., Dearborn, Mich. (Gen. Supt., O. W 
Burke Co.) 

Sueenan, Tomas F., Sr., Clearfield, Pa. Asst 
Constr. Supt., Pennsylvania E lectric Co.) 

Sirrer, ALBert, Chicago, Ill. (C. E., State of Ill.) 

Stocomse, F. W., Brantford, Ont. , Canada (Design 
Engr., ¢ ‘ity of Brantford) 

Smirn, L. C., Los Angeles, Calif. 
Smith Constr. Co.) 

Sorut, Ivar, Oslo, Norway (C. E., 

Soreriapes, Micuaet C., Athens, Greece (Proj. Engr 
Iran, Asst. to Pres., Doxiadis Assocs.) 

Swanson, Currrorp L., Minneapolis, Minn. (Sec. & 
Public Relations, North Central Lightweight Aggre- 
gates Co., Inc.) 

TAGGART, Ww ILLIAM M., 
Engr.) 

Tassios, T., 
Engr.) 

Tayrtor, J. D., Ir., 
Constr.) 


Australia (Chf. 
Mexico 


Farmland 


(Sales Repres. 
Bogota, Colombia (C. E., 


>. (Struct. Engr 


(Vice-Pres., H. C 
A/S Norsk Leca) 


Los Angeles, Calif. (Struct. 


Athens, Greece (Dr. of Engrg., Cons 


Syracuse, N. Y. (Pres., Gen. 





book. 
size. 


American Concrete Institute 
P.O. Box 4754, Redford Station 
Detroit 19, Michigan 


Check enclosed [_| 


Please bill me [_ 


Name 
Address 
City 





ACI Conerete Primer 


The 1958 edition of the ACI Concrete Primer brings developments of the past 
three decades into the question-and-answer format of this long-popular hand- 

Expanded to 72 pages, the revised edition retains its handy pocket 
It develops in simple terms the principles governing concrete mixtures, 
and shows how a knowledge of these principles and of the properties of cement 
can be applied to the production of permanent structures in concrete. 


Please send______ copies of the 1958 edition of the ACI Concrete Primer. 
($0.50 for ACI members, $1.00 for nonmembers) 


] (Please indicate whether member or non-member) 
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Temper, Couin Feravus, Cape Town, 8. Africa (Cons 
Struct. Engr., Design R/C, prestressed & steel struc- 
tures) 

Tuomas, Oren R., Jr., Collingswood, N. J. (Arch.) 
Tompson, J. E., Raleigh, N. C. (Physical Testing 
Engr., N. C. State Hwy. Comm., Div. of Matls.) 
Tuorne, Georce P., Vancouver, B. C., Canada (Mer 

Diethers Ltd.) 

Twiec, Rosertr J.. Milwaukee, 
Vander Heyden, Inc.) 

Tyrnpautut, Joserpn T., South Hadley, 
Pavement Sect., Hdqrs. 8th Air Force Westover 
Force Base) 

WarreEN, Epwiw L., Mobile, Ala. (Matls. Insp 
J. Thompson, Jr.) 

Wesster, Artuur G., Wilmington, Del. (Supv. of 
Arch. & Devel. Group, E. I. Du Pont de Nemours & 
Co., Ine., Engrg. Dept., Design Div.) 

We, Cecm, Houston, Tex. (Sr. Design Engr. 
Hwy. Dept.) 

Wisnart, W. T., South Bend, Ind. (Chf. Struct. Engr 
Designer, Chas. W. Cole & Son, Engrs., Archs 

Wirrmack, Cuas. E., Jr., Des Moines, Iowa (Inside 
Cost Work, Design, Outside Supv., Insp., A. 
Neumann & Bros., Inc.) 

Wo tre, C. WiiuiaMm, Delanco, N. J. ( 

Wotre, James Farrewu, Park Forest 
PCA) 


Wis. (Chf. Engr 
Mass. (C. E.., 
Air 
Vester 


Texas 


rch.) 
Il. (F ield Engr 


Corporation 


COLUMBIA-SOUTHERN CHEMICAL Corp Zanesville 
Ohio (James M. McKay, C. E.) 
JACKSONVILLE ConcreTe Co., 
(John B. Baines, Vice-Pres.) 
Larson Bros. Sanp & GRAVEL 

8. Larson, Co-partner) 
State Highway Commission or Wisconsin 
Wis. (J. R. Schultz, Engr. of Matls. 


Jacksonville Fla 


Rockford, Il. (Frank 


Madison 


Junior 


ATTYGALLE, Senaai, London, England 
Ove Arup & Partners) 

Breese, Kennetu E., Berkeley, Calif. 
M. V. Pregnoff, Pregnoff & Mather) 
BerGENTY, Roserr Pav, San Rafael, Calif. 

Heald Engrg. College) 

Biore, Epwin Gorpon. Oatley, NSW 
(Supv. Engrg., D. A. Constructions P/L) 

CavanauaGn, Leo F., Chicago, Ill. (C. E. 
State of IIL.) 

pE Patva, H. A. Rawpvon, Champaign, III. 
Stud., C. E., & Research Asst., Univ. of Ill.) 

Dominovez, Jose Hertperto, La Plata, Argentina 

Garay MaArtTINeEz, SALVADOR, Mexico, D. F., Mexico. 
(C, E., Dept. del Distrito Federal) 

Haut, Rex E., Kansas City, Kans. (Designer, Alfred 
Masterson, Cons. Engr.) 

Hempui.., James P., Natchez, Miss. (Proj. Engr., In- 
ternational Paper Co.) 

Hisparp, THomas Ricwarp, Niagara 
(Design Engr., Cannon, Thiele, 
Archs., Engrs.) 

Jones, Russe. C., New Kensington, Pa. (Struct. Engr., 
Hunting, Larson & Dunnells, Inc.) 

Laumorp, Roserto E. Turv tt, Santurce, Puerto Rico 
(C. E., Bridge, Dept. of Pub. Wks.) 

MANNIK, JAAN, Columbus, Ohio 
Michael Baker, Jr.) 

Mve..ier, Hetmut Georae, Chicago, Ill. (C 
of Pub. Wks., Ill. Hwy. Div. No. 10) 

Newton, Howarp H., Jr., Charlottesville, Va. (Hwy 
Res. Engr., Va. Council of Hwy. Investigation & Re 
search) 

Ripack, Martin §S., Flushing, N. Y. 
signer, Western-Knapp) 

SANDERSON, Ricuarp Les, Waukegan, Ill. (Struct 
Engr., Dist. Pub. Wks. Office, Ninth Naval Dist.) 
Scunewer, Evoene, Berkeley, Calif. (Field Engr. 

Promotion & Field Supv., Sonoco Products Co.) 

Scnouver, Cuarves F., Topeka, Kans. (Engr., Hwys. 
Burgwin & Martin, Cons. Engrs.) 

ScuHveRMAN, WituiaAM A., Jr., Lafayette, Calif 
Engr., Porter, Urquhart, McCreary & O'Brien) 

Sairu, ANTHONY Wa.LTeER, Montreal, Canada (Designer, 
Struct. Dept., Wiggs, Walford, Frost & Lindsay, 
Cons. Engrs.) 


Struct. Engr 
(Struct. Design 
Stud. 
Australia 
Hwy. Div., 


(Grad 


Falls, N. Y. 
Betz & Cannon, 


(Bridge Designer, 


.E., Dept 


(Concrete De- 


(Jr 
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VALENTIN, Jose R. Perez, Santurce, Puerto Rico 


(Bridge Engr., Dept. of Pub. Wks.) 


Student 


ALDRIDGE, WeLpon W., College Sta., Texas 
& Mech. College of Texas) 

BapRAN, Imap M., Champaign, Ill. (Grad. Stud., Univ 
of Ill.) 

BLANCHARD, Paut E., Cambridge, Mass 

Boetcke G., Axe. O., Caracas, 
Catolica Andres Bello) 

Bonaiorno, ANTHONY J., Boston, Mass. (MIT) 

CARDENAS GONZALEZ, Cesar Leon, Caracas, Venezuela 
Univ. Catolica Andres Bello 

Fusco, Antruony J., New Haven 
Conn.) 

GReGORIAN, ZAREH B 
Univ. Grad. School 

Hae.sic, Ricuarp T., Berkeley, Calif. (Univ. of Calif 

HERNANDEZ F., Francisco Javier, Troy, N. Y. (Grad 
C. E., Stud., Rensselaer Polytechnic Inst.) 

Jones, Perer Georce, Sydney, NSW, Australia 
Univ. of Tech.) 

LeFevre, EvBert 
College of Texas 

Manayni, M. AREF 

Menra, Kisnor C., Ann Arbor 

PuLipo SANTANA, BERNARDO 
(Univ. Catolica Andres Bello 

Sancuez, Mario, Arlington, Mass. (MIT 

Torrter, Jeno F., Sydney, Australia (NSW Univ 
Tech.) 

VittaPpot Meprina, Jesus Mievet, Caracas, Venezuela 

niv. Catolica Andres Bello) 
Wacker, H. Carv., Jr., Ann Arbor, Mich. (U 


The Agric 


MIT) 


Venezuela (Univ 


Conn. (Univ. of 


Mass. (Harvard 


Cambridge 


NSW 


Water, Bryan, Texas (A & M 

Texas (Univ. of Texas 

Mich. (U of M) 
Caracas, Venezuela 


Austin 


of 


of M) 





New, Lower Cost 


Flexible 
POST TENSION CASING 


U-100WP 
(Wide Profile) 


ECONOFLEX 


Ask for Bulletin U-100WP 
Quality ... ALL METAL 
FLEXIBLE HOSE PRODUCTS 


UNIVERSAL 
METAL. HOSE CO. 


2101 S. Kedzie Ave., Chicago 23, Ill. 
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Tools, Materials, Services 





Under this heading note is made of producer lit- 
erature and products of presumed technical interest 
to ACI users of tools, equipment, materials, acces- 
sories, and special services. 





Concrete film for group showing 

“Penny a Pound,” a 16-mm motion picture describ- 
ing the manufacture of cement, begins with the quarry- 
ing of limestone and shale and follows the rock on its 
trip through a modern and almost completely automatic 
cement plant. In full color with sound, this 20-min 
educational film is available on free loan to any organi- 
zation in northern and central California.—Calaveras 
Cement Co., 315 Montgomery St., San Francisco 4, Calif 


Interlocking cutter 

An innovation for single-cutter masonry drills, an 
interlocking cutter is made of sintered tungsten carbide, 
and molded specifically for masonry drilling. The 


manufacturer states that this cutter insures a stronger 
drill which will withstand heat that melts silver solder 
used in conventional drills. The need for coolants is 
thus minimized. Available in sizes 4% through \% in 


—Tilden Tool Mfg. Co., San Clemente, Calif 


Concrete pressure pipe 

Revised edition of the booklet “‘The Story of Con 
crete Pressure Pipe"’ offers current information on con- 
crete pipe for engineers, contractors, and public officials. 
Fully illustrated, this 24-page booklet tells the history 
of concrete in water lines and its application to today's 
water and sewage systems. Included are simplified 
illustrations describing the principle of prestressing 
and photographs depicting the methods used to manu- 
facture prestressed concrete cylinder pipe; other sec- 
tions cover pipe installation, tapping, joints, and main- 
tenance. 

The catalog section gives up-to-date information on 
sizes, weights, and normal operating heads of each 
type of pipe used for water transmission and distribu- 
tion lines, subaqueous intakes and outfalls, and sewage 
force mains.—Price Brothers Co., 1932 E. Monument Ave., 
Dayton 1, Ohio 


May 1958 


Anchor bolt fitting 
The Deco anchor bolt fitting is said to completely 
eliminate the protruding anchor bolt that has long been 
a traffic hazard in new plant construction, and to elimi- 
nate the costly and time- 
consuming errors so often 
found in the initial setting 
of anchor bolts when con 
crete is being poured. 
This anchor is flush with 
the floor until the actual 
installation of equipment or 
columns is made. The box- 
like fitting attached to the 
top of the anchor bolt con 
tains an oblong nut, mov 
able in all directions to com 
pensate for the usual error 
in setting anchor bolts. The 
machine or column is at- 
tached to the fitting by use 
of a stud of the desired 
length, thus eliminating the 
hoisting and lowering of machines over a fixed bolt by 
the trial-and-error method 
The anchors are available as fittings only or complete 
with anchor bolt and stud to specifications in sizes from 


to 


1\%-in. bolt diameter in \-in. increments.— 


Decatur Engineering Co., Dept. A, 519 E. William St, 


Decatur, III 


Admixtures catalog 

On-the-job photos augment detailed data describing 
the use, properties, and advantages of various products 
retarding 


including concrete admixtures Plastiment 


densifier, and Sikacrete, an accelerating densifier 
Rugasol-C, a retardant concrete coating, and Rugasol 
F, retardant form coating, are a!so covered. Igas joint 


sealer, nonmeltable mastic waterstop, and other 
coatings, impregnations. and additives are described. 


—Sika Chemical Corp., 29-49 Gregory Ave., Passaic, N.J 


Front-mounted power loader 

4 front-mounted power loader for use on Inter 
national 330, 300, and 350 utility tractors is designated 
the MeCormick U-34B 


powered either by the tractor’s hydraulic system or 


power loader It can be 
with a special large capacity front-mounted hydraulic 


pump A variety of interchangeable attachments 


adapts the loader to many loading, lifting, grading, 


and material-moving jobs. Loader is available with 
either manual or hydraulic control of bucket.—interna 
tional Harvester Co., 180 N. Michigan Ave., Chicago 
1, Il 
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Portable batching plant control 
Automatic cement weight cut-off controlled by a pre 
set dial is one of several features of the master console 


pictured below The control center is distribution 


point for all electric, air, and hydraulic power required 


in a batching plant Mixers, gates, conveyors, and 
pumps are controlled by pushbuttons and valves with- 
in arm's length of the operator. 

Field wiring consists of connecting only incoming 
power to the main circuit breaker provided in the con- 
sole. Lighting distribution circuits, solenoid valves 
motors, and air and hydraulic supply lines are quickly 
connected and disconnected with positive locking re 
ceptacles. The manufacturer further states that the 
unit, constructed of heavy gage steel, will withstand the 
conditions of transporting and the rugged environment 
typical of cement batching plants. Complete control 
systems for portable or permanent batching operations 
are designed to customer specifications.—Gemco Elec 


tric Co., 25685 W. Eight Mile Road, Detroit 40, Mich 


Ready-mixed concrete trucks 

Four-page brochure, giving basic specifications and 
components of a complete line of six-wheel-drive trucks 
Data 

5 to 8 cu yd.; 
The FWD trucks 
described have power-proportioned six-wheel 


for ready-mixed concrete service is now available. 
are given for mixer capacities from 
wheel bases range from 160 to 190 in. 
drive 
which delivers engine power to the front axle and both 
axles of the rear tandem in direct proportion to weight 
distribution.—Four Wheel Drive Auto Co., Clintonville, 
Wis 


Diamond masonry bits 

Two types of “‘oriented’’ diamond masonry bits for 
drilling stone, concrete, asphalt, ceramics, and glass 
have been introduced. The first type is set with stones 
partially exposed, and this bit can be reset or rebuilt 
for further drilling after it has been used. The second 
type has small diamond particles impregnated through- 
out the matrix, and the bit is run to destruction, 

Manufacturer states these bits insure smooth, clean, 
round holes for the passage of conduit, water pipes, or 
ventilating ducts, eliminating costly patching. Avail- 
able in diameters ranging from 3% to 14 in., sizes smaller 
than % in. are supplied in the impregnated type only 
Standard sizes permit drilling of holes up to 4% or 12 
in. in depth; other lengths are also available.—Sprague 
& Henwood, Inc., Scranton 2, Pa 


Chemical resistant concrete 

Chemfast concrete when applied as a topping over a 
portland cement concrete base protects against nearly 
every commercially or commonly processed chemical 
that ordinarily causes expensive floor replacements and 
loss of time according to the developer of the product 
Full instructions and personal review of chemically 
resistant floor problems now available.—Truscon Labo 


ratories, Caniff and Grand Trunk Railroad, Detroit, Mich 


Marble mix for plaster 

A dry mix of portland cement and marble, labeled 
Seablue White Marble Mix, is a hard, stain resistant 
water plaster according to the 


repellent aggregate 


manufacturer. Formulated to produce an extremely 
hard white finish with a minimum of maintenance, it 
is recommended for swimming pools, interior or ex 


terior walls, and a!! 


other masonry surfaces tequiring 
only water, the mix is applied with a steel trowel in the 
Equip 


P. O. Box 7071, Dallas, Tex 


CONCRETE 
TESTERS 


conventional manner.—Paddock Seablue Pool 
ment, Paddock of Texas, Inc., 


The World's Finest 
Low-Cost 
Precision Testers 


For 


CYLINDERS 
CUBES 


BLOCKS 
BEAMS 
PIPE 


IF IT'S A CONCRETE TESTER 
YOU NEED-GET IN TOUCH WITH 


FORNEY’S, Inc. 


TESTER DIVISION 
P.0.BOX 310 . NEW CASTLE, P 
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Autolene Lubricants Company . 


Concrete Reinforcing Steel Institute. 
Forney’s Inc..... 

Lone Star Cement Corporation 

a ee ee re 

Sika Chemical Corporation 

L. Sonneborn Sons, Inc.. 

Sonoco Products Company. 
Techkote Company... . 


Universal Metal Hose Co. 





ALPHABETICAL LIST OF ADVERTISERS 


(Page Numbers refer to News Letter) 


American Steel & Wire Division, United States Steel 


Colorado Fuel and Iron Corporation, Clinton Division. . 


Columbia-Southern Chemical Corporation. 


The Institute assumes no responsibility for the claims of advertisers. 
vertiser is made responsible in the belief that his place in the field will be de- 
termined by the public's ultimate measure of his exercise of that responsibility. 


The ad- 








1957 list and index of American Standards 

A. 67-page booklet lists 1723 national 
standards approved by the American Standards Asso 
ciation. These standards were developed by national 
organizations concerned with standards formulation 


voluntary 


and working either under their own auspices or within 
the framework of the ASA. There are 465 new and r 
vised standards which were not listed in the 1956 edition 
of “List and Index of American Standards." 

Booklet gives 
American Standards, discounts and prices on special 


information on how to purchase 
engineering and 
standards.—Dept. DD-7, American Standards Association, 
70 E. 45 St., New York 17, N. Y 


series such as civil construction 


Viscometer for cement industry 

The Cement Plastograph for use in controlling the 
viscosity of cement slurries in the wet-process cement 
industry is installed in such a manner that only a part 
of the main stream of the slurry is measured continu- 
ously. The slurry is reunited with the main stream 
after it has flowed through the sensing element. 

The resistance encountered by the sensing element 
rotating in the slurry is expressed in opposite torque on 
the movable housing of the motor. This motion is 
transferred to a balance system by means of an arm 
fixed to the housing. The higher the torque is, in other 
words the higher the resistance exercised by the slurry 
on the sensing element, the greater will be the linear 
deflection of the lever. The balance system is con 
nected with a small rugged torque scale which in turn 
converts torque into an electrical signal for actuating a 


large wall indicator or a strip chart recorder.—C. W 
Brabender Instruments, Inc., 50 E. Wesley St., South Hack 
ensack, N. J 


Walk-or-ride power buggy 
The operator can either walk behind or ride on the 
fold-down platform of a power buggy which carries 


up to 10 cu ft of concrete. Powered by a Wisconsin 


engine, it has front-wheel chain drive, automatic clutch, 
forward and reverse drive, and positive-control dumping 
mechanism. Speed is up to 5 mph. 
states this model is 


Manufacturer 
lightweight and ex- 
tremely maneuverable, designed to travel over narrow, 
light runways, onto elevators, and through doorways 
as narrow as 31 in.—Whiteman Mfg. Co., 13020 Pierce 
St., Pacoima, Calif. 


compact, 





Detailing 
Practices 


Buildings 
to 


Bridges hy 
58 Illustrative Drawings 


The Manual of Standard Practice for Detailing Reinforced Concrete 
Structures (ACI 315-57) incorporates under one cover the previous separate 
editions on detailing of buildings and highway structures. It is a correlation 
of the latest improved methods and standards for preparing drawings for 
the fabrication and placing of reinforcing steel. Sections on detailing and 
fabricating shop practice are translated into practical examples in typical 
drawings. Spiral bound to lie flat, it is the only publication of its kind in 


English and is meeting wide acclaim among designers, draftsmen, and 
engineering schools. 
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Reinforced Concrete Design 
SIMPLIFIED ... 
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.»= these tables 
Reinforced save time & effort . 
Concrete The means to solve most R/C design problems 


° quickly, easily, and accurately can be yours with 
Design the ACI Reinforced Concrete Design Handbook. It 


clearly explains methods for mastering the design 
of flexural members, stirrups, columns, square 
Handbook spread footings, and pile footings. Tables cover as 
wide a range of unit stresses as may be met in 


ene general practice. It reduces the design of members 

Second Edition under combined bending and axial load to the 
$3 50 same simple form as that used in common flexural 
e problems. A revised edition of a book that has 


(ACI Members $2.00) become a basic text in reinforced concrete design, 


the handbook is useful to both students and practic- 
ing engineers. 
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